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THE FIRST 100% INORGANIC 
SELF-CURING ZINC COATING. 
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wm Aradically new concept in zine coatings 
for protecting steel. 


wm Under development for many years and 
first patented in 1957. 


wm Applied in one coat — completely self-curing. 


Soda iets Sinaia ice: 


wu Can be used wherever galvanizing is satisfactory — 
actually gives superior protection. 


Completely nonflammable, nontoxic. 5 
Insoluble in all petroleum products. 


Outstanding resistance to weathering, 
salt and fresh water. 


Applied by brush, spray or roller. 
uw Cathodically protects steel. 
Resists temperatures up to 600°F. 





ROO SORT SI TAP eet laa naka 


yw Complete protection for as little as 
5¢ per square foot material cost. 





For complete information write... 


How does Zinkote compare with Dimetcote? R 
Although similar, each has certain unique CORPORATION 
advantages depending upon the particular 





requirements of the job. We will be glad to Dept. GA ° 4809 Firestone Boulevard ° South Gate, California 
give you a specific recommendation. 921 Pitner Ave. 360 Carnegie Ave. 2404 Dennis St. 6530 Supply Row 
Evanston, Ill. Kenilworth, N.J. Jacksonville, Fla. Houston, Texas 


The Pioneer Manufacturer of Inorganic Zinc Coatings 






























January, 1960 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 1 


corrosion coupons prove... 


KONTOL 


REDUCED CORROSION IN 

~ PLATFORMER OVERHEAD 
VAPOR RECOVERY SYSTEM 
FROM 11.74 TO .14 MPY* 


In an eastern refinery severe corrosion was encountered 
in the prefractionator overhead vapor recovery system in 
one of its platformers. This unit was charged with about 
1500 b/d of naphtha—300 bbls. overhead, 1200 bbls. re- 
moved as side cut and used as charge to reactors. 

After the first month of operation, overhead vapor line 
and reflux line of silica tower and clay tower. had to be 
replaced. Reflux pump and reactor charge pump had to be 
relined and new impellers installed. Severe corrosion was 
noted in condenser bundles. Throttling valves were renewed 
several times. 

KONTOL was then injected into the overhead vapor 
line from the prefractionator. Corrosion test coupons in- 
stalled in a by-pass on the reflux line revealed the following 
results: 








For help in controlling your corrosion 
problem, ask the Man in the Tretolite 
Car, or write for your copy of the latest 
KONTOL brochure, complete with per- 
formance data, case histories, ete. No 
obligation. 

















*Mils penetration per year 
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CANADA: Petrolite Corperetien of Canada, Limited, 309 Alexandra Bidg., 
PETROLICSE cates 


ENGLAND: Petrolite Limited, Heathcoat House, 20 Savile Row, London W. 1 
Gis Oo = al ge @ aes Ra as ba 8 


VENEZUELA: South American Petrolite Corporation, Hotel Avila, Caracas 


BRAZIL: WERCO, Ltda., Avenida Rio Branco 57-s/1410-11, Rio de Janeiro 

i i 7 i : | é COLOMBIA: W. F. Faulkner, Calle 19, No. 7-30, Office 807, Bogota 
GERMANY: H,. Costenoble, Guiollettstrasse 47, Frankfort, a.M. 

ITALY: NYMCO S.p.A. 9, Lungotevere A. da Brescia, Rome 
rDEVILSION S JAPAN: Maruwa Bussan KK, No. 3, 2-Chome, Kyobashi, Chuo-Ku, Tokyo 
KUWAIT: F. N. Dahdah, Box 1713, Al Kuwait 
MEXICO: R. E. Power, Sierra de Mijes, No. 125, Mexico, D. F. 
NETHERLANDS: F. E. C. Jenkins, Hoefbladiaan 134, The Hague 
PERU: Oilfield Import, S. A., Apartado 71, Talara 
TRINIDAD: Neal and Massy, Ltd., P.O. Box 544, Port of Spain 
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Low solids, high viscosity Alkydol resins 
bring into balance those important char- corro: 
acteristics which distinguish the best quality : safety 
flat finishes. Ease of cleaning, durability, as ius 16 
well as good brushing and film-forming : 
characteristics are reflected in formula- oe » A dis 
tions which include these new and better ee on P: 
resin vehicles. ce 


HOW 
alloy 


Discover for yourself the advantages of ee @ VAL 
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WHEN YOU ARE THERE IN PERSON you can 
ask and get answers to your questions on corrosion 
control. This is a principal reason for technical per- 
sonnel to attend meetings such as the March NACE 
Conference in Dallas. By circulating among the hun- 
dreds of corrosion experts there, listening in on tech- 
nical committee meetings, asking questions following 
presentation of technical papers or attendance at one 
of the two round table sessions the visitor gets a chance 


to have his questions answered. 


SOMETHING FOR ALMOST EVERYBODY 

As nearly as such a thing is possible the NACE national 
meeting offers programs of interest to almost every- 
body. More often than not a principal complaint con- 
cerns why so many interesting things are going on at 
the same time. See Advance Program, 16th Conference 
and 1960 Corrosion Show, Page 31. 


HOW TO TELL IN ADVANCE whether or not the 
alloy in aircraft wing stiffeners is susceptible to stress 
corrosion is important because of the normally low 
safety factor used in aircraft wing designs, compared 
to such structures as railroad bridges, for example. 
A discussion of progress in this important field begins 
on Page 125. 


VALUE OF SANDBLASTING in lengthening the life 
of protective coatings exposed in severely corrosive 
environments is among the subjects discussed in an 
article beginning on Page 93. The article also shows 
there’s a difference in the effect of the elements in 


New Jersey and Texas seacoast environments. 


HOW TO CONDUCT A COATING PROGRAM is_ 


spelled out in detail in an article beginning on Page 13. 
Importance of good records, painter education, sensible 
specifications and safety precautions are covered in 
this four-part article the first two parts of which are 
in this issue. More information in this same area is in 
an article beginning on Page 89 where a method of 
screening paints to select a specific material to match 
exposures is covered. How a punch card can be. used 
‘o advantage is described. 


ALLOY SELECTION FOR REFINING and petro- 
chemical plants requires careful consideration of all 
the corrosion factors involved. How one large and 
progressive company conducts its operations in this 
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area and how it maintains a continuous watch on per- 
formance is explained in an article beginning on Page 


107. 


EVEN A VERY SMALL QUANTITY OF WELDING 
SLAG can lead to serious consequences in a hydrogen 
reforming furnace operating at 1500-1800 F. What to 
do about preventing corrosion from this source is de- 


scribed in an article beginning on Page 114. 


EPOXY RESINS’ use as materials of construction are 
considered in a down-to-earth article beginning on 
Page 9. Some good tips are given on how these im- 


portant resins can be used to advantage. 


CHEMICALS ARE BEING USED with greater 
frequency for cleaning refinery and petrochemical 
equipment. Because there are very few contract clean- 
ers in Europe, cleaning must be done by the companies 
themselves. How the Royal Dutch-Shell Group goes 
about it and the equipment used is described in an 
article beginning on Page 97. 


HOW TO KEEP ACIDS FROM EATING UP 
FLOORS is the subject of a technical report by 
NACE’s committee 6-K on Corrosion Resistant Con- 
struction With Masonry and Allied Materials. Informa- 
tion given is approved by the committee, which is 
made up of the men with long experience with the 


materials discussed. The report begins on Page 117. 


WHAT KIND OF SURFACE YOU START WITH 
is an important factor in estimating the cost of sand- 
blasting operations. Some of the pitfalls in relying 
wholly on specifications based solely on application and 
time are described in a color slide illustrated commen- 
tary available from NACE. The slide talk, based on a 
recent paper at NACE’s committee on surface prep- 
aration is free on a loan basis to anyone interested. 


It is described more fully on Page 25. 


WHICH WAY CORROSIVE FUMES BLOW is 
checked with high accuracy by a weather team in 
Georgia. Interesting details on how they do it are 


given on Page 59. 


20 CARLOADS A DAY of line pipe can be cleaned 
and coated inside and out in a new Houston Ship- 
channel plant. Photographs and story on this highly 
mechanized operation are given on Page 64. 
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A Laboratory Paint Test Program 
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By W. F. Fair, Jr. 


Chemical Cleaning of Equipment in Refineries 
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By Lambert N. Klinge and Johan Selman........................ 


Discussion: Douglas Webster Speed, Page 106; Reply by Lambert 
N. Klinge and Johan Selman, Page 106 
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AN EDITORIAL 


Long Term Advantages of Corrosion Control 


HILE optimistic on the whole about 
avoiding ultimate exhaustion of the 
world’s mineral resources, a British writer* 
discussing this subject gives the following 
table on the approximate time when world 


reserves of some metals will be exhausted: 


Mineral Years of Supply 
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These times are based on consumption at 
present rates. While it is a fallacy to assume 
that the rate of consumption of metals will 
not continue to increase in the future as it 
has in the past, this estimate, even if only 
approximately correct, indicates immediate 
attention should be given to the non-ferrous 
metals with the shortest supply outlook. Less 
urgently, it also indicates that more atten- 
tion should be paid to ferrous resources. 
The remedy that offers the most positive 
hope of immediate improvement is the re- 
cycling of metals fabricated but no longer 
in use. A corrolary of this remedy is the 
need to protect them against corrosion so 
that they will be available for recycling. 
Another remedy that suggests itself is a 
change in the manner of using the metals in 
shortest supply. This includes concentrat- 
* Alex i ‘Economic Aspects of Corrosion,’’ a lecture given to 


the Corrosion Group of the Society of Chemical Industry, London, 
March 18, 1959. 


ing their application to alloying and limit- 
ing their use in the pure state to those in- 
stallations where it is unavoidable. 

Another helpful change would be increas- 
ing their use as cladding or plating. 

On a like premise that energy also must 
be conserved, the same author cites the dif- 
ference in energy required to produce 
aluminum as 20 times that required to pro- 
duce steel. If energy is to come largely from 
mineral hydrocarbons in the future as it has 
in the past and does now, there is good 
reason to use it to best advantage. The argu- 
ment for energy conservation applies 
equally well if it be assumed that nuclear 
sources eventually will supply the bulk of 
civilization’s energy needs, because the ores 
from which atomic fuels are derived also are 
exhaustible. 

In summary then, it becomes increasingly 
important that metals be protected against 
corrosion—in the process of which they be- 
come so dispersed they cannot be recovered 
economically—as the time approaches when 
some of the commonly used metals near ex- 
haustion. This consideration is in addition 
to that of immediate economic necessity 
which motivates corrosion-control schemes 
today. 

Of course, if man succeeds in making a 
mine of the moon or can exploit some as yet 
undreamed of principle of energy produc- 
tion, these contentions may no longer be 


valid. 
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(sy BRIDGEPORT “T”“ MEN* IN ACTION 


“Technical Service Men 






Where's the Culprit? Field spot tests of 
water samples give revealing clues as 
to cause of corrosion. 





Case Solved. Initial recommendations go 
Out to customers immediately and are 
followed by a detailed written report. 


The Case of the A 
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It was an ordinary afternoon in the Cor- 
rosion Lab when a sample of raw cooling 
water and a corroded condenser tube 
arrived from a midwest chemical com- 
pany. Accompanying the evidence was a 
letter of explanation and a completed 
Technical Service corrosion questionnaire. 
The customer wanted help. Bridgeport “T” 
men swung into action. 

The water sample was analyzed. It 
checked out against the original sample 
taken when Bridgeport tubes were first in- 
stalled. Still no conclusive evidence of cor- 
rosive media was found in the water. Yet, 
examination of the tubes revealed them to 
be corroded both by acid and an abrasive. 

The Bridgeport “T’ Man visited the 
plant site and retraced the case step by 
step. 

The first break came when a spot check 
was made of water taken directly from the 
cooling tower. A significant acid content 


cid Assailant 


NI 








was noted. Further on-the-spot examina- 
tion showed that gas and fly ash from the 
plant smokestack were carried by prevail- 
ing winds over the cooling tower and de- 
posited in large amounts in the tower. 
Closer examination of the cooling tower 
uncovered acid-forming sludge and abra- 
sive fly ash in suspension. 


The Bridgeport “T” Man, in an exten- 
sive report of his findings, recommended 
corrective measures. Company adopted 
recommendations. Tubes saved. Case 
closed. 


This is a typical case from the files of 
Bridgeport Technical Service, a group set 
up to help Bridgeport customers get maxi- 
mum life and service from their power and 
process equipment. 


For the best service and advice on con- 
denser or heat exchanger tubes call your 
nearest Bridgeport Sales Office today. 


BRIDGEPORT BRASS COMPANY 


Bridgeport Brass Company, Bridgeport 2, Conn. « Sales Offices in Principal Cities 


Specialists in Metals from Aluminum to Zirconium 
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For cooling water systems, 
the latest word is ENDCOF 


ENDCOR — new from Dearborn’s research laboratories, gives 
better corrosion control at lower cost in open recirculating 
cooling water systems. 





ENDCOR ~— promotes rapid film formation . . . is completely stable 
against oxidizing agents. 

ENDCOR ~- sharply reduces corrosion rates and deposit formations 
... minimizes sludge adherence to heat exchange surfaces. 


ENDCOR ~— permits operating any open system at higher 
PH readings... saves on acid. 






Bi 
Developed after exhaustive experiments, ENDCOR has been incorporated in te 
Dearborn’s Polychrome® and non-chromate treatments and successfully tested m 


under severest laboratory and operating conditions in customer plants for ove 
a year. Available now in powder or briquette form. Your Dearborn engineer 
will be happy to fit these new treatments to the specific needs of your 
system. Call him today or write for detailed Technical Bulletin. 
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DEARBORN CHEMICAL COMPANY 


Executive Offices: Merchandise Mart, Chicago 54 + Plants and Laboratories: Chicago 
Linden, N. J. « Los Angeles » Toronto + Honolulu + Havana « Buenos Aires 


EFFECT OF ENDCOR ON 
CORROSION RATE 
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Precision Parts Are Cast 


From Epoxy 


Abstract 


Briefly discusses physical properties and 
chemical resistance of basic epoxy sys- 
tems. Also includes modified epoxy_sys- 
tems and laminated epoxy systems. Gives 
manufacture procedures for casting preci- 
sion parts and lists some ee. 


Introduction 
POXY COATINGS, due to their 


inherent chemical structure, exhibit 
outstanding chemical resistance, flexi- 
bility, and adhesion—those character- 
istics demanded of acceptable protective 
media. 

Epoxies also exhibit useful mechanical 
and physical properties. Epoxy parts, for 
example, offer high tensile and flexural 
strengths, good impact strengths and 
other mechanical and chemical proper- 
ties. Glass cloth and epoxy resins offer 
a rapid and efficient method of reducing 
maintenance costs of chemical equip- 
ment. Hence, epoxy resins have become 
well known as engineering materials for 
applications where chemical resistance 
and high mechanical strengths are re- 
quired. 


Basic Epoxy Systems 
Basic epoxy systems consist of a resin 
which can be anything from a low vis- 
cosity liquid to a high melting point solid 
and a hardener or cross-linking agent. 


% Revision of a paper entitled ‘Epoxy Resin 
Structures in Corrosion Resistant Applica- 
tions” by Elliott N. Dorman and William 
Ibsen, Ciba Products Corp., Fair Lawn, 
N. J., presented at the 15th Annual Con- 
ference, National Association of Corrosion 
Engineers, March 16-20, 1959, Chicago, Ill. 


Resin Systems” 


The hardener can be of the amine or 
acid-anhydride type. Hardening can take 
place at room or elevated temperatures, 
depending upon the cross-linking agent 
used. 


Physical Properties 

The properties given in Table 1 are for 
four unfilled systems containing only 
epoxy resin and hardener. The data show 
the range of physical properties and han- 
dling characteristics of typical systems 
in use. 


Chemical Resistance 

As in the case with mechanical prop- 
erties, the chemical resistance properties 
of epoxies also are dependent upon the 
particular system under consideration. 
Chemical resistance data are given in 
Table 2 for two systems covered in 
Table 1. 

Different systems do not have the 
same resistance to various chemical 
reagents. Anhydride cured hot melt sys- 
tems are frequently preferred for long 
term resistance to many chemicals. 
Where handling requires the use of 
liquid system, aromatic amines such as 
m-phenylene diamine and methylene di- 
aniline are preferred for acid and caustic 
resistance. Many variations in the cure 
of these basic systems are possible which 
alter the properties listed. Generally, in- 
creases in the cure temperature increase 
the flexural deformation temperature and 
ultimate resistance to heat aging. Slower 
cures at more moderate temperatures 
result in systems that have lower shrink- 
age during cure and higher impact re- 
sistance. 








Figure 1—Cast valve molded from a solid resin/ 
anhydride system. 


Properties for basic systems be 
summarized as follows: 
Cures 


can 


Re are obtainable from room 
temperature to 200 C. 
2. Systems having flexural deforma- 


tion temperature from less than 60 C to 
more than 150 C are available. 

3. Both liquid and solid resins 
hardeners can be used. 


and 


Modified Epoxy Systems 

These basic systems usually are for- 
mulated or compounded to produce ma- 
terials specifically designed for a given 
end-use. Inert inorganic fillers are fre- 
quently added to reduce cost, lower 
shrinkage, alter certain physical proper- 
ties and to lower coefficient of thermal 
expansion. 

Other modifiers such as _ plasticizers 
and flexibilizers, reactive diluents, color- 
ing dyes or pigments and inexpensive 

(Continued on Page 10) 


TABLE Tae of a Unfilled Rpeny Resin Systeme 


Epoxy Resin! 
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Cc haracteristics of Uncured System: : 
State . 








Physical Properties of Cured System a at t 23C 


———— SE eS SSS OS Oa ee eee 


U Itimate Tensile Strength, psi. Betis Ue EN ean 


Modulus of Elasticity Rib cckemeiendaen<e cas 


‘Ultimate Flexural Strength, psi. 


‘Modulus of El Elasticity, psi 














Flexural Deformation Temp, C..........-.«.+0- 
































| 
bese cpnci 502 6005 6005 6060 
wr ekecuretcack | | Triethy lene tetramine | m- Phen ylene Diamine | Me thy! nadic ‘Phthalic anhydride 
i | anhy ride 
“= ese eer Ras —______|-- aa atl aes en pecan 
reacts liquid liquid liquid hot melt 
ate ” fiquid aliphatic solid aromatic | liquid anhy dride solid anhydride 
amine amine | 
ene ees ant a 
‘icerisexesear el 24 hr at 40C or 2 hr “2 hr at 85C * 4 ‘hr | 2 2 hr ¢ at t 100C +2 2 hr 14 hr at 180C or 4 hr 
at 100C at 150C |} at 150C +2 he at at 1 
| 200C 
et ade a a pce a t slice I ib ee 
peste aed 9,000 13,000 12,000 12,000 | 
ile Giite weet ees 0.45 x 106 0.44 x 108 | 0.76 x 10° | 0.45 x 10° 
15,000 18,000 20,000 19,000 
Jdrntaan ene tas 0. 49 x 106 0.46 x 106 | 0.43 x 108 0.40 x 10° 
Po tee 60 150 | 150 109 








1 Ciba epoxy resin numbers. 
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(Continued From Page 9) 


liquid extenders also can be added to the 
basic systems. 

The desired end properties usually can 
be obtained by proper compounding of 
resin, hardener, filler and selected modi- 
fiers. 

Laminated Epoxy Systems 

A wide range of properties also is avail- 
able in laminated epoxy systems. Many 
reinforcing media are available including 
the well known glass fibers (in the form 
of fabric, woven roving, mat, etc.), syn- 
thetic fabrics, asbestos and the newer 
materials such as woven fused quartz, 
glass flake, etc. 

Table 3 illustrates the range of out- 
standing physical properties offered by 


glass reinforced epoxy laminates. The 
first two resin/hardener systems are 
suitable for wet lay-up techniques. The 


third is best suited for dry lay-up use. 

Table 4 shows the chemical resistance 
of two of the epoxy/glass laminated sys- 
tems given in Table 3. 


Manufacturing Procedures 


Epoxy resins cure or harden by addi- 
tion polymerization without the evolu- 
tion of water or other volatile materials. 
This desirable hardening reaction largely 
accounts for the low shrinkage during 
curing. The resulting casting therefore 
is relatively free of stresses and is me- 
chanically sound. 

This low, predictable and uniform 
shrinkage makes possible the manufac- 
ture of precision parts. Epoxies are used 
to great extent in automotive and air- 
craft tooling. Therefore, the accuracy 
and surface of the casting reflects the 
condition of the mold. 

Another epoxy property is their out- 
standing adhesion to most surfaces. This 
characteristic, coupled with the low cur- 
ing shrinkage, requires careful mold de- 
sign and preparation. 


The molds used for casting can be 
made of almost any material capable of 
withstanding the pouring and curing 
temperatures. Molds have been made 
from various metals (aluminum, steel 
and low melting alloys), plaster (prop- 
erly dried and sealed), wood, fused vinyl 
plastisols, glass and plastics including 
cast epoxies. In all cases, mold release 
should be used, and slight drafts incor- 
porated in the mold design. Parts having 
undercuts can be cast in flexible (vinyl) 
or split molds. 


Thoroughly mixed resin and hardener 
are poured at the temperature required 
for the system. Molds are pre-heated to 
about 10 C higher than that of the cast- 
ing material. Normal casting or foundry 
techniques are used: Pouring into an 
inclined mold; pouring to the lowest 
point; vented molds to permit easy air 
escape; etc. 

The filled mold is allowed to cure at 
the prescribed temperature and time. 
Generally, the gelled part can be re- 
moved from the mold and permitted to 
continue its cure, thus releasing the mold 
for further production. 

Automatic proportioning, mixing, 
evacuating and dispensing equipment is 
available for continuous casting into con- 
veyorized molds. The use of low melting 
alloys and master arbors permits the 
continuous production and melting of 
molds. 

Applications 
A cast valve (shown in Figure 1) de- 


signed for 90 psi was molded from a 
solid resin/anhydride system. The threads 
were cut after the valve body was cast. 

Other applications of the epoxies are 
pipe joints, friction cocks and free-flow 
valves. A 50-feet high and 40-inch diam- 
eter exhaust stack was made of an 
epoxy-glass cloth laminate to combat 
corrosive flue gases. The stack consisted 
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of two concentric reinforced tubes with 
a separating layer of polyurethane foam. 
It was made in 40-inch sections and 
cemented together with an epoxy ad- 
hesive. 

The technique used to make a cock is 
shown in Figure 2. The mold is opened 
to show end caps, top and bottom inserts 
for the core. 

(Continued on Page 12) 


TABLE (2—Chomical Resistance of Twe apeny Resin aS 


Epoxy Resin! eaaeee wes 


Hardener. 


Immersion Time 2 at 23°C. 


Percent Weight Change after Immersion Reagent 


Sulfuric Ania 30 percent 


Sulfuric Acid, 50 Percent. 


Hydrochloric Acid, 10 Per WORRE . 5 :5:<.- 


Nitric Acid, 10 Percent. 


Cc austic Solution, 10 Percent ; 


Ethyl Alcohol, 95 Percent 


‘Butyl Alcohol, 100 Percent 


Hedrace n Peposide: 30 Percent. 


Hy drogen Pe roxide, 3 Percen nt. 


Ammonia, 10 Percent. 


Sodium c hloride, 


10 Percent. 


Acetic Acid, 5 Percent. 


Cc ‘arbon Tetrachloride, 100 Percent 


Gasoline. dha tater 


Triethanolamine. ahs 


1 Ciba expoxy resin number. 
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TABLE paintceacanoes mnie of Glass Reinforced ape Laminates 


















Epoxy Resin!......... Jes 502 6005 6020 
_Hardener............-..-:++++:|Triethylene tetramine| 957! HET Anhydride 
Suggeste od Cc = (Gonditions . ee 2 Firat i 100C ve 3 hr at 80C + ri ie A hat 15 150C. 
| ae | 
Physical Properties of Cured | | | . 
‘System at 23C | 
U lamate Tensile Strength, oal....| 54,000 57,000 | 66, 000 
Modulus‘of Flasdcitys pe psi Sree 34 x x 106 ; : “BB x 10° a [Fre 106 
Ultimate Compressive Strength, psi| 33,000 60,000 40,000 
Ul TItimate | Fle xural Strength, psi... 3 se 68,000 a | a 83, 000 a ‘| 78,00 000 
"Modulus of Elasticity, psi........)  3.0x100 | 3.7 x 108 3.3 x 108 





Laminate Makeup—14 plies 181 glass cloth 
1 Ciba numbers. 


¥-inch thick laminate. 


TALE 4—Chemical Resistance of Swe Rees Laminated Systems 





ard 957! | HET ‘Anhydride 

Percent ae iP Percent 

Weight Percent Flexural Weight Percent Flexural 
Chemical Reagent Solution Change | Strength Retained | Change | Strength Retained 
3 Percent Sulfuric Acid. ........... +0.05 88 | 0.2 | 86 a 
10 Percent Sodium Chloride.........|  +0.3 | ee) 4 eas | Peep 
Distilled Ww MNO OLS cd a Gee toe bang aheick +0. 3 96 | +0.3 91 
10 Percent Nitric Acid..............| 40.1 | ‘84 | ls | “Ai 
10 Percent Hydrochloric iy: 0.1 _ | eine 49 
5 Percent Acetic Acid...............| +03 95 | +02 100 
3 Percent Hydrogen aie el 4 $0.2 a 
MOOG cect Ve)”)~—lUlU a ~ 100 
aan MM........A —| . aa = 
Ethylene Glycol................-..| 40.1 Loh eae ten t 
MeAMMOON co... seceveececsas.| a | 98 Re hice ee ATES aah 
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protection 
against internal 
; corrosion 
Bans . q —£ oe Practically Perfect! 


Save time and money previously lost to internal cor- 
rosion: use Humble COREXIT . .. COREXIT effectively 
and economically prevents internal corrosion in pipe still 
overhead, distillation towers, vapor recovery systems and 
other refining units. COREXIT will reduce or completely 
eliminate plugging or fouling. This protection against 
sludge, scale and corrosion cuts non-productive downtime 
to a minimum, For complete information on technical 
services and products, contact your Humble salesman. 


HUMBLE OIL & REFINING COMPANY 





BRANSON 


Ultrasonics at work... 


CORROSION SURVEYS 
a) 


Figure 2—Opened view of a mold used to cast a 
cock (lower right). End caps, top and bottom 
inserts are shown also. 


Precision Parts — 


(Continued From Page 10) 

The base for a signal light to be used 
in presence of corrosive flue gases also 
has been cast of a highly filled epoxy 
system (Figure 3). 

A 30-KV transformer, shown in Fig- 
ure 4 has been fabricated with the pri- 
mary windings completely encapsulated 
with a filled epoxy resin system. The 
same material was used for the trans- 
former casing all cast in one operation. 


DISCUSSIONS 
Question by Fred O. Beckmann, Ameri- 
can Cyanamid Co., New York, New 
York: 
What is the effect of nuclear radiation 
upon the properties of epoxy resins and 
possible uses of these resins with this 
exposure ? 


AUDIGAGE® 6 — the new miniaturized, self- 
powered ‘‘mighty midget’’ Thickness Gage and 
Flaw Detector. Ideal for corrosion surveys by 
one man in awkward locations. Weighs less 
than 5 pounds complete. Uses new high-sensi- 
tivity, high-resolution Type Z transducers, flat 
of curved, in various mounts for every applica- 
tion, Measures directly in inches between 0.09” 
and 5.0”. BULLETIN A-201. 


























AUDIGAGE® 5 — the standard self-powered 
instrument for field corrosion surveys when 
greater range or accuracy than Model 6 are 
required. BULLETIN A-2. 





Reply by William Ibsen: 


We have not developed any data on 












Corrosion Testing 
Coupons, Spool Parts 


Made to ASTM 
and MIL Specs 












VIDIGAGE® 14 — the high-accuracy, high 
speed, ultra-sensitive gage with a 14” CR tube. 
Range 0.005” to 2.7” with accuracies to 1/10 
of 1%. Interchangeable oscillators and direct- 
reading scales. Extension cables and intercom 
phones for remote testing up to one-fifth mile 
from the basic instrument. BULLETIN V-200. 



















SONORAY® 5—the 
new portable, high- 
performance pulse- 
echo Flaw Detector 
for testing weld- 
ments, shafts, 
plates, etc., and 
detecting other in- 
ternal flaws. Only 
37 Ibs., 7/2” x 11” 
x 20%” long. BUL- 
LETIN 1-203. 


































New Price List Now Available 
Complete stock on hand permits 
quick delivery 














Write us for your Testing needs. 
Send Coupon to BRANSON INSTRUMENTS, INC. 


) CORROSION 
So eee ROS ned Test Supplies Co. 


BRANSON: Send Bulletin A-201, A-2, V-200, T-203. 
P. 0. Box 4507 


AUDUBON STATION 
Phone WE-3-1315 - Baton Rouge, La. 


We Ship Anywhere in the World 
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Figure 3—Base for a signal light to be used in stee 
presence of corrosive flue gases. Base was cast of a 

filled epoxy system. con 
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Figure 4—Primary windings of a 30-KV transformer ord 
were encapsulated with a filled epoxy resin system. ord 
Transformer casing also was made of the same 
materials. mas 
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Question by Orest B. Draganuk, Ca- 
nadian Chemical Co., Ltd., Edmonton, 
Alberta, Canada: 

Is any data available on corrosion re- 

sistance of either epoxy or furane resins Or 

in boiling 1 percent H:SO.s« with ozone Th; 
added? to 


Reply by William Ibsen: 

No, to our knowledge. 

® anc 

Canadian Region’s Eastern Division 

Conference will be held January 17-20 in 
‘Toronto. 


*| & 
| 2 


Houston Section’s 5th annual corrosion | 
control short course will be held Janu- | 
ary 28-29 at the Rice Hotel, Houston, 7 
Texas. 
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Engineering Approach to a 


CHEMICAL PLANT COATING PROGRAM* 


Part 1—Records That Help Keep Track of Costs 
and Prove Results 


N ORDER to effectively and eco- 
I nomically direct an effective coating 
program, it is necessary to collect and 
summarize pertinent information in an 
orderly way. 

The four forms shown in Figure 1 
give a standing of the department pro- 
gram which can be reviewed quickly 
and from which up-to-date reports can 
be prepared. 

The Preventive Maintenance Corro- 
sion Control Program Master List is de- 
signed to show the basic summarized 
information needed to keep the program 
organized and under control. 

Total square footage of structural 
steel, piping and vessels in the corrosion 
control program are measured by sec- 
tion according to physical layout or 
accounting practices. Brief plot plan 
sketches are made and numbered to 
show these locations. This information 
is filed by area. 


Heading of the master list has spaces 
for posting the area number and de- 
scription. The section number of the 
area is entered in the left hand column 
followed by the description and square 
footage of the particular section. By 
adding this column the area square foot- 
age or total square footage in the entire 
program can be determined. 

Work order numbers are entered on 
this form as they are received. A folder 
is made for each order and placed in an 
open order file in numerical sequence. 
When the order is completed and closed 
the total cost charged to the job is 
entered in the proper year column. The 
order folder is then placed in the closed 
order file for reference purposes. The 
master list can be used to refer to open 
or closed work orders covering any 
section or area of the plant. 


Total cost for any given section over 
a period of years or the monies spent on 
the program in any area or the entire 
plant are easily computed from this 
master list on all completed orders. 

_ Each work order classified as preven- 
tive maintenance is entered on the Work 
Order Yearly List, when it is received. 
This information is necessary in order 
to keep a close check on the progress 
being made in the program. 

_ Under date is shown time when order 
is received, work started, job completed 
and account closed. 

Entries under location by area and 
description show where the work is 





* Presented under the title “Field Experience 
With Corrosion Resistant Coatings,” by 
Newell D. Casdorph, Union Carbide Chemi- 
cals Corp., Port Lavaca, Texas, at the 15th 
Annual Conference of the National Associ- 
ation of Corrosion Engineers, Chicago, IIL, 
March 16-20, 1959. 


being done and are helpful in referring 
to the master list. 

Year column is needed because some 
jobs will not be completed at the end 
of a fiscal year. When the job is not 
complete, entries under dollar cost are 
made showing monies spent during the 
current year and a note is made under 
description “See Following Yearly List.” 
Previous year entry is then duplicated 
on the new yearly list. 

The dollar cost columns are a con- 
venient way of showing labor, material 
and total job cost. The breakdown of 
the program cost into labor and material 
can be made from this list. The total 
cost is entered on the master list. 

Cost per square foot calculations of the 
different operations involved in a corro- 
sion control program are important in 
order to control monies expended. This 
information has been made easily avail- 
able by the cost per square foot resume 
form. 

Work order number, area, description 
and square foot columns are used as in 
the two preceding forms. The rest of the 
form is used to show cost of the dif- 
ferent operations. 

Ata glance the cost of any operation 
or the average total cost for the com- 
plete job can be compared on different 
orders. Under “coats” additional col- 
umns may be added and the material 
trade names written in so comparative 
cost on different systems can be checked. 

Painting Department Manpower As- 
signments form is used to show how 
every man’s time is spent during the 
month by days. 

The working days of the month are 
written in under “date.” 

Under preventive maintenance all the 
work orders and job locations which 
are worked on in the current month 
will be listed. The preventive mainte- 
nance daily total line will give the man 
days spent on this work. 

Work orders other than preventive 
maintenance listing include new con- 


| Optimum Cost Program 


| 


Abstract 


Specimens of records used to keep track 
of a painting program at a seacoast chem- 
ical plant are shown. How these records 
help the coating engineer keep track of 
his work and how they can be used to 
estimate costs are explained. 1.2.2 


struction, repair to surface damage by 
the operating or maintenance people and 
any other work which cannot be classi- 
fied as preventive maintenance corrosion 
control work. 

Place for inspector’s time is included. 
One or more men from the maintenance 
painting group are used as inspectors 
when contractors are doing work on 
the corrosion control program. 

Men used in the sandblast yard, doing 
sign writing or absent from work for 
any reason are shown. The daily grand 
total accounts for all men in the depart- 
ment. 

This form can be used to review man- 
power usage by the day, month or the 
entire year can be summarized from 
this information. 


Corrosion Control Program 
Cost Analyzed 


Industrial plant management is some- 
times faced with added corrosion control 
cost due to construction expedients 
caused by the time element or other 
factors. In recent years there has been 
an increasing awareness of savings to 
be had through a carefully planned cor- 
rosion resistant coating program for all 
structural steel, piping and vessels. So, 
in planning new construction a decision 
must be made between a corrosion re- 
sistant coating system of low initial cost 
and one based on a low cost per square 
foot per year. The two programs can be 
very similar in specifications and ma- 
terial used. Difference in cost can re- 
sult from surface preparation, film thick- 
ness, field welds not properly cleaned, 
extensive use of brackets and supports 
which are not prepared for coatings, etc. 

Table 1 shows an analysis of the com- 
parative cost of these two approaches 
on percentage basis when the original 
optimum program cost is called 100 per- 
cent. While actual job cost may be more 
or less, the percentage between the two 
systems is assumed to be constant. 

(Continued on Page 14) 


TABLE 1—Corrosion Resistant Coating Programs Cost Comparison* 


Low Initial Cost Program 





Percent 





| 


Sq. Ft. Cost Percent 




















Sq. Ft. Cost 
Period Covered | Cost In Cents Cost In Cents 
Original.......-...0e.sceseeeeeeeseee| 100 | 50 en ‘ef ee 
First Year Follow-up..... | 17.50 | 8.75 | 120 60 
~ ‘Two Year Total............00. shed 117.60 | 58.75 | 180 1 ae. 
~ ‘Third Year Touch-up............. dk | 425 | 86850 | 435 
Seven Years at 8.50 Percent Each Year.| 59.50 29.75 | 59.50 4 29.75 
” See Wee WOR. ck acccssnsieccsy es | “eso lee CTC CT le 


* All comparison costs are based on the Original Optimum Program Cost being 100 percent. 
Fifty cents per square foot used arbitrarily as Original Optimum Program Cost. 
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Engineering Approach — 
(Continued From Page 13) 


Under the optimum program the cost 
for the first two years would amount to 
117%4 percent and under the low initial 
cost program it would amount to 180 
percent. The cost for the next several 
years for the two different approaches 
would be the same, or 8% percent per 
year. These values are based on getting 
the protective coating system in a first 
class condition and keeping it that way. 

The optimum program would be 
cheaper for the first two years by 62% 
percent and the advantage would con- 
tinue over a period of years. 

The high cost for the second year of 
the low initial expenditure program is 
explained by the need for extensive sur- 
face preparation under difficult plant 
operating conditions and the volume of 
coating materials used over large areas. 

Fifty cents per square foot has been 
used arbitrarily to represent 100 per- 
cent cost in order to show in a more 
tangible way the relative cost of the 
two different approaches to the same 
problem. 

Thirty cents a square foot savings 
can be realized in the first few years by 
following the optimum program. This 
represents a sizeable sum of money 
when several hundred thousand square 
feet of surface to be protected are in- 
volved. 

Figure 2 illustrates the comparative 
cost information in a graphic form. 

The advisability of using a low ori- 
ginal cost program, and periodically re- 
coating every several years must be 
weighed against the corrosion rate 
which could make it necessary to re- 
place structural steel, piping or vessels. 


The preceding discussion on corrosion 
control program cost has lumped all 
exterior surfaces together giving aver- 
age cost which might be expected. 
Touch up work may be carried out on 
major areas at less than 25 percent of 
the average cost and water tanks hot 
lines, etc., will cost considerably more 
than average. 





3001 ——1.50 

250 oF 11.25 
‘Low ORIGINAL gos as 
200 ios ios 
Z \MUM cost ° 
S 150} . OPT | 75, 
Ga ie 
a 100 t ; 1 1 | i 1; 500 
wn 


50: + + + + + + | 25 


Lie 2-8. 3-5 FF 2 8B BO 
YEARS 
Figure 2—Coating programs cost comparison. 
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Figure 1—Fcur forms designed for simplified corrosion control program records. 


Part 2—Training Men to Make the Program Work 


Abstract 


The philosophy and some of the subjects 
covered in a painter education program 
at a chemical plant are described. 1.7.3 


eee corrosion control 
program is dependent on the qual- 
ity of the men hired and the way they 
are trained to carry out their work. Be- 
cause the men should be selected with 
the idea of long time employment in 


mind, the first level supervisor makes 
the final choice because he is responsible 
for the employee’s performance. 
Training actually starts during the 
pre-employment interview period. Com- 
pany policies are explained and the man 
is told in considerable detail how he will 
fit in the organization and what is ex- 
pected of him in the painting depart- 
ment before he is placed on the payroll. 
The corrosion control training pro- 
gram at Union Carbide Corporation’s 
Seadrift, Texas plant is based on the 





fact that a person learns rapidly by 
actually doing the work. In order to 
further expedite trainee development 
two hours each week is set aside for 
classroom study, discussion, instruction 
by the immediate supervisor or other 
qualified people. 

Classroom work covers several meth- 
ods of surface preparation: 100 percent 
sandblasting for new work, spot or 
brush blasting and hand chipping or 
brushing for preventive maintenance 
work; soap and water surface cleaning; 
solvent cleaning which reactivates old 
coatings for better adhesion of newly 
sprayed materials. f 

Reasons for the selection, composi- 
tion and application of the various cor- 
(Continued on Page 19) 
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TUBE-KOTE 


How Automatic Ovens Control Coating Quality 


After each film of coating is applied, the 
pipe is baked approximately 1% hours in 
electronically controlled bake ovens at 250 
degrees F. This even temperature 

baking drives out the coating solvents and 
prepares the coated surface to receive 

the next coat. Forced air cooling between 
coats speeds the process. After the 

final coat is applied, the pipe is baked at 
approximately 450 degrees F. to fuse 

all coats, creating one coating, tightly 
bonded to the metal. The entire 

baking operation is automatic . . . the heat 
is controlled to close tolerances . . . 

the result is consistently perfect. 


TUBE-KOTE RESEARCH AND SUPERIOR METHODS BRING YOU MORE DURABLE COATINGS AND FASTER SERVICE . 


Coating flows into irregulari- 
ties of pipe surface. Successive 
layers produce desired coat- 
ing thickness. 


Service Mark Reg. U. S. Pat. Off. 


P. 0. Box 20037 © Houston 25, Texas 


Branch Plants: Harvey, Louisiana 
Midland, Texas 


Final baking polymerizes sep- 
arate films into one uniform 
coating, permanently fused to 
the pipe surface. 


. AT LOWER COST PER FOOT! 





Rust Preventive Properties 


of 


Nonylphenoxyacetic Acid 


Some Petroleum Products* 


Abstract 


Discusses laboratory tests which indicate 
nonylphenoxyacetic acid to be an effective 
corrosion inhibitor for ferrous metals in 
variety of petroleum based fluids. Also 
discusses inhibition in synthetic lubri- 
cants such as silicones. Presents data 
obtained and outlines test methods used. 

2.3.4 


ONYLPHENOXYACETIC ACID 

(Figure 1), a substituted phenyl 
ether carboxylic acid, provides efficient 
corrosion inhibition for ferrous surfaces 
in contact with both organic fluids and 
a corrosive aqueous phase. 

Nonylphenoxyacetic acid is prepared 
by the reaction (Figure 2) of sodium 
chloroacetate with nonyl phenol in al- 
kaline medium. Typical properties of 
nonylphenoxyacetic acid are presented 
in Table 1. 

While protecting ferrous metal sur- 
faces from ccrrosion by adsorbing on 
them to provide a closely packed pro- 
tective film, nonylphenoxyacetic acid is 
convenient to use for these reasons: (1) 
It is readily soluble in petroleum and 
synthetic fluids and other organic sys- 
tems over a wide temperature range. (2) 
It is insoluble in water, minimizing the 
tendency for the protective film to be 
desorbed by being leached into the 
aqueous phase. (3) Its rust preventive 
properties persist in the presence of 
other additives such as emulsifying 
agents, antioxidants, etc., and it ap- 
pears to be compatible with these 
agents. (4) As a liquid, nonylphenoxy- 
acetic acid can be adapted readily to 
a variety of blending techniques. (5) 
It is substantially all organic in nature, 
leaving little or no ash on combustion. 


The structural features of nonylphen- 
oxyacetic acid combine to present an ef- 
ficient corrosion inhibitor of marked 
stability to chemical attack such as 
hydrolysis by acid or alkali, oxidation, 
etc. Nonylphenoxyacetic acid has ex- 
hibited no tendency toward metal dis- 
solution over a wide range of use 
concentrations. Such metal dissolution 
frequently is the cause of surface stain- 
ing and depletion of the inhibitor below 
effective concentrations. 


Fatty acids, the more basic amines 
and other compounds capable of ionizing 
at an oil-water interface are more 
strongly adsorbed than other organic 
molecules such as alcohols, esters, ke- 
tones, amides, etc.!) 2» 3 These classes of 
compounds are the most effective types 
of polar organic rust preventives.* ® 


The protective adsorbed film 

« Revision of a paper titled ‘“‘A Laboratory 
Study of the Rust Preventive Properties of 
Nonylphenoxyacetic Acid in Some Petro- 
leum Products” by Robert M. Pines and 
John D. Spivack, Geigy Chemical Corp., 
Yonkers, N. Y., presented at the 15th An- 
nual Conference, National Association of 
Corrosion Engineers, March 16-20, 1959, 
Chicago, Ill. 


(or 


QCH.COOH 


CoH 9 
Figure 1—Molecular structure of nonylphenoxyacetic 
acid. 


blanket) may inhibit the electrochemical 
mechanism of corrosion not only by 
physically preventing contact of the 
metal by corrosive agents such as acids, 
oxygen and other corrosive gases but 
also by increasing the true ohmic re- 
sistance of the conduction path and in- 
terfering with the anodic and cathodic 
processes by preferential adsorption at 
both anodic and cathodic areas.® It is 
also suggested that the effectiveness as 
corrosion inhibitors of polar organic 
compounds containing elements of group 
Vb of the periodic table (nitrogen, 
phosphorous) and group VIb (oxygen, 
sulfur, etc.) is due to their ability to 
donate electrons to the metal surfaces. 
The chemisorption component of inhibi- 
tion is thus described as a coordinate 
chemical bond. 

The increased effectiveness of nonyl- 
phenoxyacetic acid as a rust inhibitor 
compared to carboxylic acids of the 
fatty acid type may be related to the 
influence of the ether oxygen. For ex- 
ample, the neighboring ether oxygen 
may assist in augmenting rust preven- 
tive action by one or more of the fol- 
lowing mechanisms: (a) by increasing 


OH 
oO 
+ C1CH»COONa 
YQ 


CgHi 9 


the ionization of the carboxyl group, 
making it more available for metal bond 
formation, (b) by providing an addi- 
tional link to the metal surface by form- 
ing a coordinate bond between the ether 
oxygen with a neighboring metal atom 
and (c) in helping to form a relatively 
stable five-membered chelate ring of 
the type shown in Figure 3, where M 
is a metal atom still part of the crystal 
lattice of the metal surface. 


Nonylphenoxyacetic Acid in Petroleum 
Fuels 


Usefulness of product soluble inhibitors 
in preventing corrosion in pipelines and 
marine tankers carrying refined petro- 
leum products such as gasoline, jet fuel 
and kerosene has been demonstrated.’ 8 

Tests for evaluating the utility of in- 
hibitors for this purpose generally simu- 
late field conditions in the laboratory, 
The gasoline used in tests reported here 
was a straight run marine gasoline. 
Nonylphenoxyacetic acid is soluble in 
gasoline in all proportions at room tem- 
perature. 

Test results were obtained with a 
commercial grade of nonylphenoxyacetic 
acid which contains about 70 per cent 
nonylphenoxyacetic acid. The other con- 
stituents of the commercial material are 
inert and organic in nature and do not 
detract from its performance character- 
istics, 

(Continued on Page 18) 


TABLE 1—Typical Properties of Commercial 
itinicieinnesamnnaadia Acid* 


os olor (Gardner) Rees 


Residue upon ignition 0. 1% 


Sp. gravity at 25 © 7 01 


278 
Solubility ; at room temperature. 
in paraffinic mineral oil 
in kerosene 
in Stoddard solvent.... 
AYDEN oo si siscs ize 
ER ee eee ne eee 


infinite 
infinite 
infinite 
infinite 
insoluble 








* Contains 70% nonylphenoxyacetic acid. 


QCH,,COONa 


OH 


HCOOH 


CoHi9 


Figure 2—Chemical reaction of sodium chloroacetate with nonyl phenol in alkaline medium by which 
nonylphenoxyacetic acid is prepared. 
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PSC 


PROTECTION for 
INDUSTRY 





PRODUCTS 
RR 05\2 ThADE MARK 


HIGHLY ADHESIVE 


PERMANENTLY PLIABLE 


DENSO completely protects transmission and distribution pipe 
systems against corrosion. DENSO Products remain permanently 
pliable, will not harden or crack, impervious to water and highly 
resistant to acids, alkalis, and salts. Get complete information on 
how Denso can protect your pipe line systems against corrosion. 
DON’T DELAY — DO IT TODAY! 


DENSO,INC. 


Sales and Distribution Office 
THIRD & JACKSON .STS., CAMDEN, NEW JERSEY 
IN CANADA —DENSO OF: CAN'ADA, LEMETED 
TORONTO. 16,;' ONTARIO 


* EXTREMELY DURABLE + EASILY APPLIED 









Rust Preventive — 
(Continued From Page 16) 


Dynamic Immersion Test 

The dynamic immersion test (Method 
A.S.T.M. D665-54°) was modified to run 
at 80 F for three hours with synthetic 
sea water and was designed to evaluate 
the rust preventive properties of in- 
hibited gasoline when the aqueous and 
hydrocarbon phases are well stirred and 
are in contact with the entire immersed 
portion of the SAE 1020 steel test cyl- 
inder. The same test also was run on 
inhibited gasoline which had been sub- 
jected to a water extraction with 10 
per cent by volume of distilled water. 

Test results (Table 2) demonstrate 
the superior rust preventive effectiveness 
of nonylphenoxyacetic acid to another 
commercially available inhibitor under 
dynamic conditions before and after 
water extraction. 


Static Immersion Test 

The static immersion test!®° which is 
run under essentially quiescent condi- 
tions simulates those conditions found 
in storage tanks and in marine tankers 
during the cargo run. 

A 6% by 1 by 1/32-inch SAE 1010 
cold-rolled steel strip cleaned and fin- 
ished with 5/0 sandpaper is partially im- 
mersed in 100 ml of ASTM D665 syn- 
thetic sea water and 750 ml of gasoline 
contained in a one-quart jar. The system 
is thoroughly shaken for one minute and 
then set aside in the dark for three 
weeks at room temperature. The speci- 
men is then removed, examined and 
rated by the system described in Table 2. 

Table 3 indicates the unusual ef- 
fectiveness of nonylphenoxyacetic acid 
in preventing corrosion of the steel ex- 
posed to the various phases. 


Reverse Cycling Test 
The reverse cycling test was devised 
to simulate conditions in a marine tanker 
through one complete cycle in which 























the bulkheads are filled first with re- 
TABLE 2—%Inhibitors in Gasoline* 
Original iisleeeeetiees 
> eee acid ; : 
0.0025%..... Tetnanteson 2 | 
Compound _ ae | F | cae 
PMNS a6 cia ee 2 | 5 
Dit ates senses es | 7 i aaah 
, me rust. } ie ; 


2—trace of rust, few spots. 

3—less than 5% of surface rusted. 

4—5-50% of surface rusted. 

5—50-99% of surface rusted. 

6—Surface covered by light rust. 

7—Surface covered by heavy rust. 

* ASTM D665 Turbine Oil Rusting Test, Sea 
Water Method B. 











TABLE 3—Inhibitors in Gasoline, Static 
Corrosion Test 
Inhibitor & Sea | Gaso- | Vapor 
Concentration Water | line Phase 
Nonylphenoxyacetic | 
aci | | | 
GOOEON,. osc: Piao | a 
Des ob sw ssees 1 3 | 3 
Compound C* i 
OMI... 30k. 7 4 1 
None ] 
| 7 Bx cclneg 





Ratings as Table 2. 
_* Compound C is a high molecular weight or- 
ganic acid type rust inhibitor. 
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Figure 3—Chemical reaction of a five-membered 
chelate ring. 
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fined cargo, then are either ballasted 
with sea water or are maintained empty 
for the return trip. Tests similar in 
principle, if not in detail, have been used 
by others.14 

" Tarred, sandblasted specimens of SAE 
1010 cold-rolled steel, 1 by 3 by 1/32- 
inch in size, are rusted by immersion in 
synthetic sea water for four days. They 
are air dried for one day, re-immersed 
in synthetic sea water for one day and 
finally air dried for one day more. This 
produces an adherent relatively uniform 
rust coating, The specimens are wetted 
in synthetic sea water and totally im- 
mersed in the test gasoline for one week 
at room temperature. They are removed 
and totally immersed in synthetic sea 
water for one week more. After this 
period at room temperature, the speci- 
mens are removed, brushed well and 
cleaned in inhibited acid. They are re- 
weighed and percent protection calcu- 
lated. 

Test results are recorded in Table 4. 
The superior corrosion inhibition of 
nonylphenoxyacetic acid compared to an- 
other commercial inhibitor is shown. 


Solubility of Lead Salt of 
Nonylphenoxyacetic Acid 
The lead salt of nonylphenoxyacetic 
acid prepared by double decomposition 
from the sodium salt and lead acetate 
shows good solubility in gasoline. Con- 
centrations in the range tested (to 0.5 
percent) were easily soluble at room 
temperature, indicating that the inhibitor 
will not precipitate in the presence of 
tetraethyl lead in gasoline. 


Interaction of Water and Aviation Fuels 


Federal Test Method Standard 791, 
Method 3251.7, indicates the tendency 
of the additive to cause emulsification 
or solubility of buffered water in avia- 
tion fuel, In the test, inhibited JP4 jet 
fuel was shaken vigorously with a pH7 
phosphate buffer at room temperature 
for two minutes. The system was al- 
lowed to stand for five minutes at which 
time any volume changes and the ap- 
pearance of the jet fuel water interface 
were noted. Nonylphenoxyacetic acid 
at 0.01 percent allowed complete separa- 
tion of the two phases with a clean in- 
terface. 


Copper Strip Corrosion by 
Petroleum Products 

In a copper strip corrosion test at a 
concentration of 0.005 percent in marine 
gasoline, nonylphenoxyacetic acid did 
not cause any more tarnish than the 
base gasoline. Method ASTM D-130-56 
was used for the test. 


Nonylphenoxyacetic Acid in Lubricants, 
Hydraulic Circulating, Instrument 
and Preservative Oils 


Product soluble inhibitors combining 
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rust preventive properties with chemi- 
cal and thermal stability are required 
for the lubrication and protection of the 
closely engineered mechanisms in steam 
and gas turbines, engines and _ aircraft 
instruments. 

Test methods for evaluating rust pre- 
venting efficiency of nonylphenoxyacetic 
acid in petroleum and synthetic liquids 
designed for such systems were the fol- 
lowing: (1) Static water drop test (Fed- 
eral Test Method Std. 791, Method 
5311), (2) Turbine oil rusting test 
(ASTM D665-54 Proc. B) and (3) Hu- 
midity cabinet test (JAN-H-792),12 
These test methods are listed in rela- 
tive order of severity. 


Static Water Drop Test 


The mineral oil used in the static 
water drop test and the following tests, 
unless otherwise noted, was a non-ad- 
ditive, solvent-extracted turbine grade 
lubricating oil of 183 SUS at 100 F. 
Nonylphenoxyacetic acid is miscible with 
this oil in all proportions at room tem- 
perature. This test involved observing 
rust formation at 140 F on a 1.75 inches 
triangular cold-rolled steel specimen im- 
mersed in oil when a 0.2 milliliter drop 
of distilled water was inserted in the 
centrally located dimple of the test- 
piece. 

Inhibitor efficiency in this test was in- 
dicated by the minimum inhibitor con- 
centration required to prevent corrosion 
for two weeks under test conditions. 
The calcium and barium salts of the 
acid also were effective inhibitors in this 
system. 

Nonylphenoxyacetic acid also was 
tested in a silicone fluid. In this system 
the inhibitor was less effective than in 
petroleum oil although its rust inhibiting 
properties were still pronounced. Data 
are recorded in Table 5. 


Turbine Oil Rust Test 
The turbine oil rust test method in- 
volved stirring a mixture of 300 ml ot 
oil under test with 30 ml of synthetic 
sea water at a temperature of 140 F 
with a cylindrical steel specimen com- 
pletely immersed. Results (Table 6) in- 

(Continued on Page 19) 


TABLE 4—Inhibitors in Gasoline, Reverse 
Cycling Test 



































Ratings 
Percent Paes 
Inhibitor and Protec- 
Concentration tion ipy mdd 
Nonylphenoxyacetic 
acid 
AIO onc sc cccues 25.7 0.0063 34.2 
NMI so -v.c..0 5.0.6 51.2 0,0042 22.8 
Compound C 
0.0025%.......20.. 12.8 0.0075 40.7 
UNS 6 ines oy cowas 19.0 0.0069 37.4 
None Ph: 
0.0086 46.2 
TABLE 5—Mineral or Synthetic Oil, Static | 
Water Drop Tests 
Minimum 
Effective 
Mineral Oil) Conc. 
Nonylphenoxyacetic acid............ 0.005% 
N Oleoyl Sarcosine................. 0.005% 
Time to 
In Silicone Fluid? Failure 
Nonylphenoxyacetic acid 0.0125%.... 120 hr 
N Oleoyl Sarcosine.........0.cece0. 168 hr 








1 Regal Oil B, Solvent Extracted 183 S.U.S. at 
100 F, Texas Co. ‘ 
2 Versilube F50, General Electric Co. 
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Rust Preventive — 
(Continued From Page 18) 


dicate the excellent protection against 
rusting under dynamic flow conditions 
provided by nonylphenoxyacetic acid. 


Humidity Cabinet Test 

In the humidity cabinet test, panel 
reparation was followed as described 
in MIL-L3150 Lubricating Oil Preserva- 
tive, Medium. Mineral oil solutions of 
nonylphenoxyacetic acid afforded sub- 
stantial protection. The test data (Table 
7) indicate that above 1 percent this in- 
hibitor is superior to a petroleum sulfo- 
nate, Combination with an equal quan- 
tity of an organic amine such as a 
substituted 2-heptadecenyl imidazoline 
results in a two to three fold increase in 
protection. Field experience has verified 
the effectivenes of nonylphenoxyacetic 
acid in preservative oils. 

As an added advantage, when speci- 
mens protected with preservative oils 
containing nonylphenoxyacetic acid are 
degreased in chlorinated solvents, the 


TABLE 6—Inhibitors in Turbine Oil* 








Inhibitor and Concentration 





Nonylphenoxyacetic Acid | 
..| No Rust 
Trace Rust 


RON Serra serene 
Ee ig ha tiv 6 tnte ee aie ne ety 





dpa te aeae sib Marah | No Rust 


| Heavy Rust 


_ *ASTM D665 Turbine Oil Rusting Test, Sea 
Water Method B. 





TABLE 7—iInhibitors in Turbine Oil, JAN 
H-792 Humidity Cabinet Data 





L Petroleum 
Concen- Sulfonate 
tration Nony!phenoxyacetic Hours to 
Wt. % Acid Hours to Rust Rust 
0.50 So 144 372* 120 
Baim 3 250 760* 250 
2.0 340 dame 250 
ae 300 : 260 
Merce: 340 190 
5.0. a 572 140 


* Data obtained by adding an equal weight of 
auras ‘ +e : 
a substituted 2-heptadeceny] imidazoline. 
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tendency of the solvent to foam is re- 
duced markedly. 


Soluble Cutting Fluids Containing 
Nonylphenoxyacetic Acid 

In soluble cutting fluids, nonylphen- 
oxvacetic acid and its sodium salt are 
highly effective in preventing rusting of 
cast iron and steel. Small piles of steel 
chips on a cast iron plate were wetted 
with the soluble cutting fluid and al- 
lowed to stand for 16 hours at 50 per- 
cent relative humidity. At 0.5 percent 
in the cutting fluid concentrate, nonyl- 
phenoxyacetic acid prevents corrosion in 
this test when the fluid is used at a ratio 
of 1 to 80 in water. 


Conclusions 

Nonylphenoxyacetic acid is an effec- 
tive corrosion inhibitor in aqueous and 
non-aqueous systems under static and 
dynamic conditions. Its compatability 
with hydrocarbon and synthetic liquids 
recommend it for further study in 
specific product applications such as 
gasoline, jet and other distillate fuels, 
petroleum and synthetic lubricating, cir- 
culating, instrument, cutting and pre- 
servative oils. 


References 
1. Zisman. J Chem Phys, 9, 534, 729, 789 
(1941). 
2. Bigelow, Pickett and Zisman. J Colloid Sci, 


1, 513 (1946). 


3. Bigelow, Glass and Zisman. J Colloid Sci, 
2, 567 (1947). 

4. Baker and Zisman. Ind Eng Chem, 40, 2338 
(1948). 

5. Baker, Jones and Zisman. Ind Eng Chem, 
41, 157 (1949). 

6. Hackerman and Makrides. Ind Eng Chem, 
46, 523-7 (1954). 

7.S Kleinheksel, P. Lawrence and F. Nelson. 


Oil Gas J, 53, 94-8 (1954). 

8. W B. Jupp. Trans Soc Naval Arch Marine 
Engs, 60, 382-93 (1952). 

9. ASTM Book of Standards, Part 5 Fuels, 
Petroleum, Aromatic Hydrocarbons, Engine 
Antifreezes, 1957. 

10. Private communication 

Laboratory. 

. Private communication with W. S. Quimby. 

. National Military Establishment Specification 

JAN-H-792, June 21, 1949. 


DISCUSSIONS 
Questions by Arthur J. Freedman, 
Standard Oil Company of Indiana, 
Whiting, Ind.: 
What is the effect of pH on perform- 
ance of nonylphenoxyacetic acid? If this 
product were used in gasoline, for ex- 
ample, it would come in contact with 
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Mexico, when additional 65 cents for book post registry must be added) Per copy, $2. 
Ten or more copies to one address, $1. For larger quantities write for quotation. National 
Association of Corrosion Engineers, 1061 M & M Bldg., Houston 2, Texas. 





19 


alkaline aqueous phases. Would the in- 
hibitor be extracted and hence lost from 
the product? What is the effect of 
imidazoline alone under the conditions 
shown in your Table 7? 


Reply by Robert M. Pines and John D. 

Spivack: 

From studies based on the corrosion 
inhibiting properties of gasoline solu- 
tions containing 0.005 percent nonyl- 
phenoxyacetic acid which were ex- 
tracted with 10 percent by volume of an 
aqueous phase, it appears that strongly 
alkaline solutions will remove the in- 
hibitor from the gasoline phase. A 0.1N 
solution of sodium hydroxide extracts 
enough nonylphenoxyacetic acid so that 
the gasoline no longer protects the steel 
spindle in the dynamic immersion test. 
However, treatment with an aqueous 
solution at pH 10 or lower has no effect 
on the corrosion inihibiting properties 
of the gasoline. 

The imidazoline mentioned in Table 
7 protects the test specimens for 72 
hours at 0.5 percent concentration in 
the base oil. 

Question by Ivy M. Parker, Plantation 

Pipe Line Co., Atlanta, Ga.: 

Did the analysis reported in Table 1 
refer to the 70 percent technical grade? 
What is responsible for ash? 


Reply by Robert M. Pine and John D. 

Spivack: 

The analysis refers to the 70 percent 
technical material. The ash is due to the 
presence of a small amount of sodium 
nonylphenoxyacetate in the product. 


Engineering Approach — 
(Continued From Page 14) 


rosion resistant coatings are included in 
instruction. Practical corrosion control 
as applied to preventive maintenance is 
carefully studied and discussed to per- 
mit a good decision on the optimum 
amount of surface preparation required 
and the coating materials to be used 
to achieve economical long lived pro- 
tection. 

Operation and maintenance of special 
equipment peculiar to protective coating 
work are studied. Attention is called to 
the hazards involved in the use of sand- 
blasting equipment. Methods of measur- 
ing areas to be coated are discussed 
and the men are trained to make cost 
estimates. 

All classroom work is followed up by 
field demonstrations, instructions and 
careful supervision. Specialization in the 
department is avoided and every man 
is trained to do the various jobs in the 
corrosion control program. 

Results of special investigations of 
hazards involved in the use of flamma- 
ble coating materials, solvents, sand- 
blasting in hazardous areas and damage 
to equipment are presented to all de- 
partment personnel in special training 
sessions. 

Coating manufacturers and equipment 
distributors contribute to the program 
by furnishing training films and giving 
lectures concerning various phases of 
the work. 

An effort is made to sell all men in 
the department that the proper prepara- 
tion and application of corrosion re- 
sistant coatings is a highly skilled 
undertaking, a job in which they should 
be justifiably proud. The men are then 
receptive to ideas and suggestions 
covering the peculiar techniques of their 
job. 

Parts 3 and 4 will appear in the 
February issue. 








Abstract 


A general discussion of material selection 
problems involved in the design of rocket 
engines. Stress is placed on the necessity 
for cleanliness aan avoidance of inciden- 
tal contamination of components. Some 
examples of specific explosion hazards 
are given. 6.1 


Rist AGE requires materials which 
are light in weight and corrosion 
resistant to a variety of aggressive en- 
vironments. This is true especially in 
missile engine systems where they are 
subject to extreme corrosion from chemi- 
cally corrosive propellants at high and 
low temperatures. 

Rocket engine components must be 
completely compatible with propellants 
in use in order to have high degree of 
reliability. Corrosion rates of metals in 
contact with the propellants should be 
less than 1 mil/year. Non-metallics used 
for lip seals, o- rings, gaskets and such 
should not be softened, hardened, 
swelled, embrittled or in any way at- 
tacked by the propellants. Lubricants 
also must be completely compatible. 

It is convenient to discuss propellants 
in terms of oxidizers and fuels. Oxidiz- 
ers are a class of substances usually 
neutral to acidic in nature and very 
strong in oxidizing power (electro nega- 
tivity). In general, oxidizers offer much 
more serious corrosion problems than 
fuels. Cleanliness is essential for oxi- 
dizer systems because, if surfaces for 
oxidizer service are contaminated with 
organic matter such as hydrocarbon 
greases or oils, fire or explosions may 
result which can burn or rupture the en- 
casing material. 

Liquid oxygen and kerosene fuel sys- 
tems probably have been studied more 
than others. Materials suitable for liquid 
oxygen service must be capable of func- 
tioning properly at extremely low tem- 
peratures (cryogenic properties) as well 
as being non-impact sensitive when in 
contact with the liquid oxygen. Because 
hydrocarbon greases tend to explode 
when exposed to liquid oxygen and 
shock, silicone greases and halogenated 
oils have been found more satisfactory. 
While fluorinated greases and oils are 
non-impact sensitive, their lubrication 
properties are poor and they are corro- 
sive to some alloys. 

Nitrogen tetroxide presents serious 
corrosion and compatibility problems in 
the selection of metals and non-metals. 
These problems can be aggravated fur- 
ther if moisture is absorbed because 
nitric and nitrous acids are formed. 
Most stainless steels and low alloy: alu- 
minums are compatible with nitrogen 
tetroxide. Ordinary steel is compatible 
if moisture content is less than 0.1 per- 
cent. Brass, bronze, cadmium and zinc 
are severely corroded in tetroxide but 
copper silver, nickel and Monel are only 
mildly affected. 

Polytetrafluoroethylene is the only 
known polymeric material capable of 
retaining its properties in nitrogen te- 
troxide for long periods. Polyester plas- 
tics and natural rubbers are severely 
attack. Polyethylenes become brittle 
after several weeks and _ unplasticized 





% Revision of a paper titled ‘‘Rocket Engine 
Corrosion Problems” by R. A. Geiger, Fred 
T. Schuler and Robert E. Mowers, Rocket- 
dyne Division of North American Aviation, 
Inc., Canoga Park, Cal., presented at a 


meeting of the Western Region Conference, 
National Association of Corrosion Engineers, 
Nov. 17-19, 1958, 


Los Angeles, Cal. 








Corrosion Considerations 


Selection of Rocket Engine Materials* 


polychlorotrifluoroethylene softens after 
four hours’ exposure. 

Although red fuming nitric acid is 
considerably more corrosive to materials 
than nitrogen tetroxide, inhibitors can 
be added to it to reduce its corrosivity. 
Generally, inhibited RFNA is compat- 
ible with the same materials as nitrogen 
tetroxide. 

Liquid fluorine is the most powerful 
oxidizing agent the chemist can prepare. 
At the present no plastics can be ex- 
posed to liquid fluorine flow without 
burning. While many metals are com- 
patible with fluorine, they must be me- 
ticulously cleaned and stabilized before 
exposure to liquid fluorine, Stabilization 
(passivation) is a process by which ma- 
terials are exposed to gaseous fluorine. 
An adherent fluoride film forms on the 
metal surface which makes it chemically 
inactive. Nickel, and the alloys Monel 
and Inconel are the most corrosion re- 
sistant materials for fluorine service. 
Stainless steels and many aluminum 
alloys also are satisfactory. Soft metals 
such as copper and aluminum are com- 
monly used gasket materials because 
there are no suitable organic materials 
for this purpose. 

Highly concentrated hydrogen perox- 
ide long has been used for rocket and 
torpedo propulsion. It can be used as a 
mono-propellant or in a_ bi-propellant 
combination with almost any fuel. 
Ninety percent H:2O:2 solutions catalyt- 
ically decompose at a temperature of 
about 1360 F, and each volume of liquid 
gives about 5000 volumes of gas (steam 
and oxygen). 

A major difficulty in choosing ma- 
terials for use with H2O: is the fact 
that many have a catalytic effect on 
hydrogen peroxide. Silver, platinum, 
manganese, gold, copper, zinc, cadmium, 
lead, nickel and their alloys are among 
the many metals that cause catalytic 
decomposition of H:O:. Very violent ex- 
plosions have occurred when H:2O:. has 
been enclosed in unvented containers. 
High purity aluminum and _ specially 
passivated AISI 300 series stainless 
steels are commonly used for containing 
and handling H.O:2. Ordinary steels are 
severely rusted by it. Chromium may 
be leached from certain alloys causing 
instability of the solution and poisoning 
of catalysts in decomposition chambers. 
Even high purity aluminum often is 
severely corroded, Aluminum corrosion 
products are not catalytic. 


High purity of the H.O. is of utmost 
importance in preventing corrosion and 
preserving stability. Very small amounts 
of chloride ion have caused extreme cor- 
rosion of aluminum shipping drums. 
Corrosion products such as rust from 
pressurizing lines have been known to 
cause explosions when decomposition 
became too rapid for relief by venting. 

For incompatible metals, organic ma- 
terials such as epoxy resins, polyethyl- 
ene and other hydrocarbon derivatives 
have been evaluated as protective coat- 
ings against hydrogen peroxide vapors. 
Failure occurs first in blistering of the 
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epoxies or penetration of polyethylene 
and destruction of the bond between 
the metal substrate and the coating, 
One satisfactory coal tar derived coat- 
ing behaves as a fuel at high tempera- 
tures, 

Fuels are a class of substances which 
usually are neutral to slightly alkaline 
in nature and sometimes possess weak 
reducing properties. While common 
fuels are compatible with many ma- 
terials they present substantial problems 
in the selection of compatible non- 
metallic missile components. Many: prob- 
lems with seals, o-rings, lubricants, etc., 
are the result of the solvency power of 
the fuels. Swelling, softening, hardening, 
disintegration and embrittlement are 
effects commonly encountered. 

Petroleum-based fuels such as kero- 
sene, cause negligible corrosion of 
metals but seals and o-rings must be 
resistant to their solvency. Buna N and 
fluorinated silicones satisfactorily resist 
their swelling and softening tendency. 

Hydrazine, an alkaline compound 
with some reducing properties, corrodes 
low alloy steels, lead, zinc, electroless 
nickel and cadmium. Although it is 
compatible with most stainless steels 
and low alloy aluminum materials, 
stainless steels containing more than 
0.5 molybdenum are not satisfactory 
because molybdenum and its corrosion 
products are catalytic towards hydra- 
zine decomposition at elevated tempera- 
tures. The literature has reported inci- 
dents of explosions when stainless steels 
high in molybdenum content came in 
contact with hydrazine at elevated tem- 
peratures. The exact nature of the reac- 
tion is unknown. 

Polytetrafluoroethylene, polyethlene, 
unplasticized polychlorotrifluoroethylene, 
nylon, and some butyl rubbers are com- 
patible with hydrazine. Hexafluoropro- 
pylene-vinyllidene fluoride, fluorosili- 
cone, polychlorotrifluoroethylene elasto- 
mer, neoprene and Buna N are affected 
adversely in that they dissolve, disinte- 
grate, blister or swell in the liquid. 

Unsymmetrical dimethyl hydrazine 
(UDMHB) affects materials in a manner 
similar but not quite as severely as 
hydrazine. A notable exception is the 
good compatibility of low alloy steels 
with UDMH. 

Liquid anhydrous ammonia will not 
affect most metals including copper and 
silver and their alloys, but ammonia 
containing only 300 ppm water will 
corrode copper and its alloys and prob- 
ably silver. Low alloy steels, stainless 
steels and aluminum are usable. Com- 
patible non-metallics include asbestos, 
carbon, nylon and some natural rubbers. 
Most fluorocarbons are embrittled when 
exposed to NH, for very long periods. 


It is apparent that propellants present 
serious corrosion and compatibility 
threats to the various components in 
a rocket engine system. Proper selec- 
tion of materials must be based _ not 
only on temperature, stress and weight 
requirements, but corrosion-resistance to 
the propellants as well. 
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The 1960 Conference of the Canadian 
Region’s Western Division will be Feb- 
ruary 10-12 at the Hotel Georgia in 
Vancouver, British Columbia. Eighteen 
technical papers on corrosion control will 
be presented during the conference. 

The technical program has been de- 
signed to meet the interests of industries 
in Western Canada and the northwest- 
ern United States. 


Registration Information 
Registration will begin on ‘Tuesday, 
February 9 from 1:30 to 8 pm and con- 
tinue all day February 10 and 11. Regis- 
tration for NACE members will be 
$22.50, $7.50 for ladies and $25 for non- 
members. 


Tentative Program _ 
Technical papers scheduled for pres- 
entation are given below. 


Wednesday, February 10 

General Session: 

1. Fundamentals of Fresh Water Cor- 
rosion, by T. E. Larson, Illinois State 
Water Survey, Urbana, III. 

2.A Corrosion Maintenance Program 
in an Oil Refinery, by K. Jones, Shell 
Oil Company of Canada, Ltd., Van- 
couver, B. C. 

3. Paper to be scheduled later. 


Protective Coatings Session: 

1. Surface Preparation for Protective 
Coatings, by N. Tune, Los Angeles De- 
partment of Water and Power, Los 
Angeles, Cal. 

Discusses six methods of surface preparation: 
solvent or vapor cleaning, hand tool cleaning, 


power tool cleaning, flame cleaning, chemical 
cleaning and sand or grit blast cleaning. 


2. Evaluation of Maintenance Coating 
Materials Used in the Pulp and Paper 
Industry, by R. Nickells, B. A. Paint 
Co., Victoria, B. C. 

Describes exposure of various coating materials to 
corrosive liquors found in pulp and paper industry 
to simulate actual conditions in the mills. Com- 


parisons of currently used coatings are made and 
several new types of paints are discussed. 


3. Paints for Ship Bottoms, by J. R. 
Brown, Pacific Naval Laboratory, Esqui- 
malt, B. C. 


Thursday, February 11 

Pulp and Paper Session: 

1. Experiences in Weld Overlay Tech- 
niques in Pulp Digesters, by H. Rienoff, 
Alloy Cladding Co., Inc., Baltimore, Md. 


Methods of application, materials used and results 
obtained in a large number of digesters are dis- 
cussed, 


2. Weyerhaeuser’s Experience With 
Kraft Digester Weld Overlay, by C. L. 
Carns, Weyerhaeuser Timber Co., Long- 
view, Wash. 

3. Some Aspects of Corrosion in Stain- 
less Steel Sulfite Digesters, W. M. Scott, 
Columbia Cellulose Co., Ltd., Port Ed- 
wards, B. C. 


Cathodic Protection Session: 
1.A Discussion of One Utility’s Ex- 





Western Canadian Conference to Be Feb. 10-12 


perience of Corrosion on Anchor Rods 
and Steel Towers, by Rodney V. Moor- 
man, Bonneville Power Administration, 
Portland, Ore. 


Discusses one utility company’s experience of cor- 
rosion on anchor rods and steel towers. Describes 
testing procedures and prevention methods. Ex- 
plains development of field tests and results of sev- 
eral corrosion surveys. Approximately 1200 towers 
were investigated. 


2. Corrosion Mitigation in and on a 
Major Gas Pipeline, by J. Stewart, West- 
coast Transmission Co., Ltd., Van- 
couver, B.C. 


Deals with measures taken to protect internal 
piping surfaces, results of test programs and in- 
stallation of cathodic protection, 


3. Cathodic Protection of Ships Hulls, 
by J. A. H. Carson, Pacific Naval Lab- 
oratory, Esquimalt, B. C. 

4. Cathodic Protection in Fresh Water, 
by M. F. W. Hewes, Canadian Protec- 
tive Coating, Ltd., Edmonton, Alberta. 


Friday, February 12 

Pulp and Paper Session: 

1. Use of Nickel-Containing Alloys in 
Kraft Pulping, by A. Tuttle, Interna- 
tional Nickel Company of Canada Ltd., 
Vancouver, B. C. 

Reviews Kraft pulping process from aspect of 
choice of materials of construction. Emphasizes 
process equipment that has given problems in 


material performance and discusses nickel-contain- 
ing alloys as means of solving these problems. 


2. Use of Acid-Proof Brick and Tile to 
Combat Corrosion in the Pulp and Paper 
Industry, by L. Publicover, Stebbins 
Engineering and Mfg. Co., Ltd., Van- 
couver, B.C. 

3. Material Evaluation for a Recovery 
Gas Scrubber, by T. Firestone, Weyer- 
haeuser Timber Co., Everett, Wash. 


Protective Coatings Session: 

1.Use of Gilsonite Products for In- 
sulation and Corrosion Protection of 
3uried Hot Lines, by J. H. Henderson, 
American Gilsonite Co., Salt Lake City, 
Utah. 

2. High-Build Epoxy Resin Coatings, 
by J. R. Gray, Shell Oil Company of 
Canada, Ltd., Toronto, Ontario. 

3. Recent Developments in Mitigation 
of Underground Corrosion, by | 
a B. C. Electric Co., Vancouver, 
Der Gs 

Field Trip to Hooker Electrochemical 
Company plant. 


Entertainment and Officers 

Conference entertainment will include 
a Fellowship Hour at 5 pm on Thurs- 
day, February 11, followed by the An- 
nual Banquet at 6:30. 

General chairman for the conference 
is J. J. McLaughlin of Industrial Coat- 
ings, Ltd. Program chairman is B. H. 
Levelton of the British Columbia Re- 
search Council. Other committee officers 
are Harrison Townsend, publicity; J. R. 
Grey, displays; D. M. Allan, finances; 
N. Burnett, hotel and housing; and J. S. 
Whitton, registration. 
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Cohen 


Hudson 


Hudson and Cohen 
To Receive NACE 
Awards at Dallas 


J. C. Hudson will be the fourth citizen 
of England to receive an award from 
NACE when awards are presented March 
16 during the 16th Annual NACE Con- 
ference in Dallas: The Frank Newman 
Speller Award will be given to Mr. Hud- 
son then. Morris Cohen will receive the 
William Rodney Whitney Award, the 
first Canadian to be so honored. 

Other British citizens were honored 
with the Willis Rodney Whitney Award 
as follows: Ulick R. Evans (1947); 
W.H.J. Vernon (1954); T. P. Hoar 
(1957). 

The two NACE awards are named 
after their original recipients who re- 
ceived the awards in 1946. 

Dr. Hudson is affiliated with the Brit- 
ish Iron and Steel Research Association, 
London, England. He was educated at 
Brighton College and the Royal College 
of Science. He was an investigator for 
the Atmospheric Corrosion Sub-Com- 
mittee of the British Non-Ferrous Metals 
Research Association. His work there 
in conducting outdoor exposure tests 
was published by the Faraday Society 
and formed the basis of a thesis for 
which he was awarded a doctorate in 
science from London University. He 
was an investigator for the Corrosion 
Committee of the Iron and Steel Insti- 
tute and continued in that capacity when 
the committee was taken over by the 
sritish Iron and Steel Research Associ- 
ation. 

His publications include two books: 
Corrosion of Iron and Steel and Protec- 
tive Painting of Structural Steel. 

Morris Cohen, winner of the 1959 
Speller Award in Corrosion Engineer- 
ing, is head of the corrosion laboratory 
at the Division of Applied Chemistry, 
National Research Council, Ottawa, On- 
tario, Canada, where he has been em- 
ployed since 1943. He has a BA from 
Brandon College and an MA and PhD 
from the University of Toronto. His 
main research interests have been on 
(Continued on Page 22) 
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GEORGE E. BEST 


President 


EDWARD C. GRECO 


Vice President 


New Officers and Directors 


To Be Installed at Dallas 


George E. Best, technical adviser to 
the general manager of technical service, 
Solvay Process Division of Allied Chem- 
ical Corp., Syracuse, N. Y., has been 
elected president of NACE for 1960-61. 
Edward C. Greco, senior research chem- 
ist of the research department, United 
Gas Corp., Shreveport, La., was elected 
vice president of the association, and 
C. G. Gribble, Jr., district manager for 
Metal Goods Corp., Houston, Texas 
was elected treasurer. 

These officers will take office on the 
last day of the 16th Annual NACE 
Conference in Dallas, March 14-18. 

Also elected were three directors 
(three-year terms): two representing 
corporate members and one representing 
active members. 

J. S. Dorsey, Southern California Gas 
Co., Los Angeles, Cal., and J. E. Rench, 
Napco Corp., Houston, Texas are the 
new directors representing corporate 
members. T. J. Maitland, American 
Telephone and Telegraph Co., New 
York, N. Y., is the new director repre- 
senting active members. 

President-Elect Best was NACE vice 
president in 1959-60. His NACE activi- 
ties include membership on the Board 
of Directors and the Executive Commit- 
tee, chairmanship of the Baltimore Sec- 
tion and the Northeast Region, member 
of technical program committees, 
awards committee and symposia chair- 
man. Several of his corrosion papers 
have been published in Corrosion. He 
has been in corrosion control work for 
15 years. 

Vice President-Elect Greco was chair- 
man of the NACE Technical Practices 
Committee for 1957-59. Other NACE 
offices he has filled include chairman of 
Technical Committee T-1, vice chairman 
of Technical Committee T-1K, vice 
chairman of the Technical Practices 
Committee (1955-57), chairman of sym- 
posia at the 1954 South Central Region 


Conference and the 1955 NACE Annual 
Conference. Three of his technical arti- 
cles have been published in Corrosion. 
He is past chairman and councilor of 
the Ark-La-Tex Section of the American 
Chemical Society, has been president of 
the Lousiana Academy of Sciences, state 
director of the American Association for 
the Advancement of Sciences and state 
director of Science Fairs which he or- 
ganized in 1957. 

C. G. Gribble, Jr., treasurer-elect for 
1960-61, currently is on the NACE 
Board of Directors, representing corpo- 
rate members. Active in the Houston 
Section, he has held most of the offices 
in that section including chairman in 
1952. On the national level, he has been 
chairman of the local arrangements 
commitee for the 1952 Annual Confer- 
ence in Galveston and co-chairman for 
exhibits at the 1957 Annual Conference 
in St. Louis. 

J. S. Dorsey, corrosion engineer with 
Southern California Gas Co., is a past 
chairman of the Los Angeles Section, is 
active in Technical Committees T-2B 
and T-7E and has been an officer in 
both committees. He was an officer on 
the 1958 Western Region Conference 
and has been engaged in corrosion con- 
trol work since 1944. 

J. E. Rench, vice president in charge 
of industrial paint sales for Napko, has 
been active in NACE technical commit- 
tees on coatings and helped organize the 
first paint short course held in the 
Houston area. He also helped organize 
the Houston Coating Society and has 
participated in short courses sponsored 
by NACE. 

T. J. Maitland, supervising engineer 
with the headquarters staff of the Long 
Lines Department, American Telephone 
and Telegraph, has been active in 
NACE since 1944, serving in technical 
committee work and in the Metropolitan 
New York Section. Currently he is 


CHARLES G. GRIBBLE 


Treasurer 


chairman of the Technical Practices 
Committee and of Technical Committees 
r-2B, T-4B and T-4B-1. Several of his 
technical papers on corrosion control 
work on communication cables have 
been published and presented at national 
conferences. He also has served as 
chairman and co-chairman of symposia 
on utilities at NACE national and re- 
gional meetings. Formerly, he was a 
faculty member in the College of Engi- 
neering at the University of New Hamp- 
shire. 


President-Elect Best Joins 
MCA Staff in Washington 


George E. Best, who will be installed 
as the new president of NACE on the 
last day of the 16th Annual Conference 
in Dallas, March 14-18, has joined the 
staff of the Manufacturing Chemists’ 
Association, 1825 Connecticut Ave., 
N.W., Washington 9, D.C., as_ staff 
secretary to MCA’s committees on air 
and water pollution abatement and 
chemical packaging. He will also handle 
special assignments. 

Formerly employed by Allied Chemi- 
cal Corporation, Mr. Best has 20 years’ 
experience in the chemical industry and 
is a graduate of Massachusetts Institute 
of Technology. 

He was a member of MCA’s Air Pol- 
lution Abatement Committee from 1949 
to 1955 and helped prepare the publica- 
tion “A Rational Approach to Air Pol- 
lution Legislation.” 

He is a member of ACS, AIChE, 
NACE, American Leather Chemists’ 
Association and the Commercial Chem- 
ical Development Association. 


Hudson and Cohen — 


(Continued From Page 21) 
the effect of thin films on corrosion in- 
hibition and passivity and on high tem- 
perature oxidation of iron and its alloys. 

In 1948, he took a year’s leave of 
absence to work with U. R. Evans in 
Cambridge, England. 

Dr. Cohen is a member of the Ameri 
can Chemical Society, the FElectrochemi 
cal Society and a fellow of the Chemical 
Institute of Canada. 
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Keep your pipeline 


ecorrosion-tree with 


Solvay Sodium Nitrite 


= 


To prevent corrosion right from the start, add Solvay® 
Sodium Nitrite in low, economical concentration to the 
products you're moving when you open a new pipeline. 
(Your pipe stays as clean as the cross-section on the 
right!) You can also use it effectively on older, now-in- 
service lines—to arrest corrosion and prevent further 
internal damage. 

Solvay Sodium Nitrite forms an invisible gamma oxide 
film that protects the inner pipe surface from attack by 
occluded water. It is readily injected by a proportioning- 


Bess + EO Ted PR eee 


Sodium Nitrite * Caustic Soda * Calcium Chloride * Chlorine * Chloroform 
Caustic Potash * Potassium Carbonate * Sodium Bicarbonate * Soda Ash 
Ammonium Chloride « Methyl Chloride « Ammonium Bicarbonate ¢ Vinyl 
Chioride * Methylene Chloride ¢ Cleaning Compounds « Hydrogen Peroxide 
Aluminum Chloride * Mutual® Chromium Chemicals * Snowflake® Crystals 
Monochlorobenzene ¢ Ortho-dichlorobenzene « Para-dichlorobenzene 
Carbon Tetrachloride 


SOLVAY PROCESS DIVISION 


61 Broadway, New York 6, N. Y. 


SOLVAY branch offices and dealers are located in major centers from coast to coast. 


type pump operated by the fluid that is being pumped. 

Solvay Sodium Nitrite has several important advan- 
tages over other inhibitors. It costs less than most organic 
compounds. Being soluble in water and insoluble in 
petroleum products, relatively small amounts are 
needed. It will not contaminate these products. It will 
not react with most impurities or organic inhibitors in 
other petroleum products that may be in the same line. 

For more facts and a test sample, mail the coupon 
now to Solvay. 


PROSE SO RS 


SOLVAY PROCESS DIVISION DY-10 


ALLIED CHEMICAL CORPORATION 

61 Broadway, New York 6, N. Y. 

Please send: 

(J A. Test sample of Solvay Sodium Nitrite 

(0 8. Booklet—“Sodium Nitrite for Rust and Corrosion 
Prevention” 


Name 





Position 

Company 

Phone 

Address 

City Zone___ State 








24 CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


ae ANE? 


Life in these exci 


aE 


Vine SRA PS ee a, 







ee 


“Have you seen 
the pipe inspector?” 


How Ace keeps 
you out of 
the tight spots 


We admire men who jump right 
into the tough problems, but our 
business is eliminating problems 
completely. That is, problems of 
corrosion and contamination in pip- 
ing, valves, pumps, tanks, and the 
like. Good equipment keeps you 
always in the clear. Our 108 years 
of experience is at your service. 


Design assist- 
ance and facili- 
ties for molding 
special fittings, 
pump parts, etc., 
of plastics or 
hard rubber. 
Also large hand- 
fabricating fa- 
cilities, 








DIVISION OF AMERACE CORPORATION 
Ace Road * Butler, New Jersey 


ted states... | 


AMERICAN HARD RUBBER COMPANY 


4 


e 
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Ace chemical- 
resistant rubber- 
lined steel pipe 
best for high- 
pressure, big 
sizes, or abra- 
sives. Pipe, fit- 
tings and valves 
1% to 24”. 


Highly efficient 
WE pump. Ca- 
pacity to 360 
gpm. Cast iron, 
fully protected 
by top quality, 
chemical resist- 
ant hard rubber 
lining. 


Variety and qual- 
ity to match any 
plastic piping. 
Riviclor PVC, 
Ace-Ite rubber- 
plastic, Parian 
poly, Ace Saran, 
Tempron high 
temperature 
nitrile, hard rub- 
ber-lined steel. 
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NATIONAL and REGIONAL 
MEETINGS and 
—! SHORT COURSES 





1960 

January 17-20—Canadian Region East- 
ern Division. Toronto, King Edward 
Hotel. 

February 10-12—Canadian Region West- 
ern Division. Vancouver. Hotel Geor- 
gia. 

March 14-18—16th Annual Conference 
and 1960 Corrosion Show. Dallas, 
Texas, Memorial Auditoriun. 

Oct. 6-7—10th Annual Western Region 
Conference, Sheraton- Palace Hotel, 
San Francisco, Cal. 

Oct. 6-8—Southeast Region Conference, 
Dinkler-Plaza Hotel, Atlanta, Ga. 
Oct. 11-14—Northeast Region Confer- 
ence. Prichard Hotel, Huntington, W. 

Va. 

Oct. 19-20—North Central Region Con- 
ference. Schroeder Hotel, Milwaukee. 

Oct. 25-28—South Central Region Con- 
ference, Mayo Hotel, Tulsa. 

1961 

March 13-17—17th Annual Conference 
and 1961 Corrosion Show, Buffalo, 
N. Y., Hotel Statler. 

Oct. 4-6—-Western Region Conference, 
Hotel Multnomah, Portland, Oregon. 

Oct. 9-11—North Central Region Con- 
ference, St. Louis, Chase Park Plaza 
Hotel. 

Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 
Oct. 30-Nov. 2—Northeast Region Con- 
ference, New York City, Hotel Statler. 
Southeast Region Conference, Miami, 
Fla., in conjunction with Miami Sec- 

tion’s short course. 


1962 
March 18-22—18th Annual Conference 
and 1962 Corrosion Show. Kansas 


City, Municipal Auditorium. 

October 9-11—North Central Region 
Conference. 

October 16-19—South Central Region 
Conference, Hilton Hotel, San An- 
tonio, Texas. 

Southeast Region Conference, Birming- 
ham, Ala. 


Western Region Conference. San Diego, 
Gal. 


SHORT COURSES 
1960 


January 28-29—Sth Annual Houston Sec- 
tion 2-Day Course in Practical Corro- 
sion Control Systems. Rice Hotel, 
Houston. 

February 24-26—11th Annual Tulsa Sec- 
tion Corrosion Short Course for Pipe- 
liners. Mayo Hote!, Tulsa, Okla. 

April 27-29—Portland Section Corrosion 
Control Short Course. 

June 1-3—5th Annual Appalachian Un- 
derground Corrosion Short Course, 
West Virginia University, Morgan- 
town, W. Va. 

September 28-30—Central Oklahoma 
Section 1960 Corrosion Control Short 
Course, at University of Oklahoma, 
Norman. 

October 3-5—Corrosion Control Short 
Course, sponsored by Western Region 
and University of California. 
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Tanuary, 1960 


Northeast 


Niagara Frontier Section ejected its 1960 
officers at a recent meeting. They are 
Chairman E. K. Benson of New York 
Telephone Co., Buffalo, N. Y., Vice 
Chairman C. R. Bishop of Union Car- 
bide Metals Co., Niagara Falls, N. Y., 
and Secretary-Treasurer R. E. Robinson 
of Hooker Chemical Corp., Niagara 
Falls, N. Y. 

Clarence A. Weltman of Alox Corpo- 
ration, Niagara Falls, was guest speaker 
for the November 10 dinner meeting. He 
discussed applications of corrosion in- 
hibitors and the behavior of organic type 


compounds, 
e 


Lehigh Valley Section heard Harold J. 
Looby of Albi Manufacturing Company 
talk on fire retardant coatings at the 
November 16 meeting. 

& 


Genesee Valley Section recently elected 
new officers. They are Chairman John 
Garlock, Vice Chairman E, Grant Pike 
and Secretary-Treasurer Richard Saun- 
ders. 

® 
Kanawha Valley Section had Harry 
Aschan of Good-All Electric Manufac- 
turing Company, Ogallala, Neb., as guest 
speaker for the November 19 meeting. 
His subject was “Modern Rectifiers in 
Cathodic Protection.” 

Twenty-four members and seven 
guests were present for the September 
24 meetings. Guest speakers were J. T. 
Burke of Nalco Chemical Company, who 
discussed water chemistry and treatment 
and A. S. Krisher of Monsanto Chemical 
Company, who spoke on corrosion in 
cooling water. 

a 
Baltimore-Washington Section had T. J. 
Maitland of American Telephone and 
Telegraph Co., New York, N. Y., as 
guest speaker at the Nov rember 16 meet- 
ing. He spoke on problems, testing and 
mitigation methods peculiar to corrosion 
control of lead sheath cables in under- 
ground multiple ducts. 


Canadia 


Two NACE Sections 
Forming in Canada 


The 59th NACE section has been ap- 
proved and application for approval for 
the 60th section has been made. Both 
of the new sections will be in the Ca- 
nadian Region. 

One section for the Saskatchewan 
area has been approved by the Canadian 
Region Board of Trustees. A_ specific 
name for the section is being worked on. 

The other section is being organized 
in the southwestern Ontario area. Appli- 
cation for approval has been submitted. 


Edmonton Section elected its 1960 offi- 
cers at the November 26 meeting. They 
are Chairman John L. 
Canadian Protective Coating, Ltd., 
Chairman David A. Hindley 
Engineering and Operating, Ltd., 


Gattenmeyer of 
Vice 
of Rice 
Secre- 


NACE NEWS 


Pittsburgh Section’s January 7 meeting 
will feature a talk on microbiological 
studies of pipeline backfilled ditches by 
J. O. Harris of Kansas State Univer- 
sity’s Department of Bacteriology. The 
meeting will be held at the Mellon In- 
stitute Conference Room. 

The February 4 meeting’s technical 
program will feature a talk by R. A. 
Fisher of Carnegie Institute of Tech- 
nology, who will speak on modern archi- 
tectural design and associated corrosion 
problems. 


Printing Schedule Changed 
For NACE Directory Pages 


The schedule for running directories 
of NACE region and section officers, 
corporate members and technical com- 
mittee officers has been changed ef- 
fective with the January 1960 issue. The 
change is being made to bring publica- 
tion nearer to the times when the ma- 
jority of officer changes take place in 
regions and sections and technical com- 
mittees. 

The revised schedule 
lows: 


will be as fol- 


Corporate Member Directory — March, 
June, September, December. 

Region and Section Officers—February, 
May, August, November. 

Technical Committee Officers—January, 
April, July, October. 


NACE Central Offices Are 
Moved to Larger Quarters 


Central Offices of the National Asso- 
ciation of Corrosion Engineers have 
been moved to new and larger quarters 
in the M & M Building, Houston. The 
offices, on the same floor, will have the 
same number, so there will be no ad- 
dress change. 


n Region 


tary-Treasurer Hugh Slater of Texaco 
Exploration Company, Ltd., and Trustee 
Malcolm W. Clarke of Canadian Protec- 
tive Coating, Ltd. 

F. W. Hewes of Canadian Protective 
Coating presented a paper on prediction, 
detection and prevention of corrosion on 
buried aluminum lines as part of the 
technical program. ’ 

@ 
Hamilton-Niagara Section has reorgan- 
ized and has planned its first meeting 
this month. Officers elected at the De- 
cember meeting were as follows: Chair- 
man L. E. Sterne of G. F. Sterne & 


Sons, Brantford, Ontario, Vice Chair- 
man C, Bullick of Sarnia Products Pipe- 
line Co., Waterdown, Ontario, Secretary 
J. B. Hambley of Alchem Limited, 


Burlington, Ontario, and Treasurer Rob- 
ert Campbell of United Gas Limited, 
Hamilton, Ontario. Past chairman Heard 
Hyslop was appointed trustee and Gerry 
Connor was appointed membership 
chairman. 
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PITTSBURGH SECTION had two international guests 
at its December 3 meeting. Juan Jose Re of Argen- 
tina (right) is shown being introduced to Bill Maier 
(center), section chairman. John Vrable (left) is 
section secretary. The second guest was Lance F. 
Heverly of Trans-Canada Pipe Lines. Technical pro- 
gram for the mecting was an underground corrosion 
roundtable moderated by Frank Costanzo of Manu- 
facturers Light and Heat Company. Panel members 
were T. S. Watson, Socony Mobil Oil Co., C. M. 
Rutter, Equitable Gas Co., D. A. Tefankjian, Texas 
Eastern Transmission Corp., C. W. Beggs, Public 
Service Electric and Gas Co., and E. K. Benson, Bell 
Telephone Co. 





Surface Preparation 


Slide Talk Available 
From NACE Offices 


Program committee chairmen of 
NACE and other organizations inter- 
ested in problems associated with sand- 
blasting steel surfaces are advised that 
a color slide illustrated talk is available 
on loan from NACE Central Office. 
The slide talk is based on a paper “Sur- 
face Preparation by Sandblasting,” by 
E. W. Oakes, Clementina, Ltd., Hous- 
ton given before T-6G committee dur- 
ing the NACE conference in Chicago, 
March 1959. 

The talk pertains to application of 
specifications of the Steel Structures 
Painting Council to different kinds of 
steel surfaces. It considers the problems 
arising when different end results are 
obtained from application of the specifi- 
cations to surfaces varying widely in 
their original condition. Clementina 
Company has supplied copies of data 
from Mr. Oakes’ paper which may be 
made to those seeing the talk. 

NACE will have three sets of slides, 
plus accompanying commentary and 
supplies of the additional printed in- 
formation. There will be no fee for the 
use of the talk. It is prepared in such 
a way that anyone reasonably familiar 
with surface preparation problems can 
present it. Eighteen 35 mm slides are 
used. 

Persons interested in presenting this 
slide talk may schedule its use on a 
first come first served basis by writing 
to Mr. Gil Rolak, NACE Administra- 
tive Assistant for Regions and Sections, 
1061 M & M Bldg., Houston 2, Texas. 
Accompanying the request should be an 
estimate of the number of copies of 
printed material that will be required. 

e 
Canadian Region’s Eastern Division 
Conference will be held January 17-20 in 
Toronto. 

e 
Canadian Region’s Western Division 
Conference will be February 10-12 in 
Vancouver. 

a 


More than 30,000 franchised retail dealers 
sell motor trucks in the United States. 








Houston Section Short Course 


Scheduled for January 28-29 


Nineteen speakers have been scheduled for the two-day course in 
practical corrosion control systems sponsored by the Houston Section. 
The course will be held January 28-29 at the Rice Hotel, Houston, Texas. 























































First day of the course will be devoted to fundamentals of corrosion 
and corrosion control. The second day will include full-day sessions on 
corrosion control systems for five specific industries: pipelines, utilities, 
commercial and residential design, industrial and chemical plants 
and oil and gas production. 


The course is designed for operating field men, supervisory personnel, 
engineers, technicians, architects and salesmen who are connected with 
the corrosion control field. 

Schedule of the two-day course is given below. 


First Day’s Schedule llth Annual Tulsa 
Short Course Set 
For February 24-26 


Practical application of corrosion con- 


am 

7-8:20 Registration 

8:30-8:45 Corrosion Losses Can Be Con- 
trolled—Let’s Do It!—a talk by R. A. 
Brannon, Humble Pipe Line Co. 

8:45-9:45 Fundamentals of Corrosion 
and Corrosion Control, by Maurice A. ACT ; | 0 
Riordan, Rio Engineering Company. trol information will be emphasized at 

Ai Ths Setaee. of Carrislomns the 11th Annual Corrosion Short Course 


: : as ‘ for Pipeliners sponsore Tulssz 
film from International Nickel Co., ae Pui D4. _ 7 the Pulsa 
Inc., Reel 1: Corrosion in Action. 2 4 ee ee 


. designed to familiarize pipeline operat- 
pn: . a A ; ae di 
10:50-11:30 Reels 2 and 3: Origin and ing personnel including supervisors, 


ee wage Currents; foremen, technicians, junior engineers 
assivity and Protective Films. and others with corrosion control 
pm methods, 
1-1:50 Coating Systems for External Short Course Schedule 
Surfaces: Underground Coatings and 
Tapes, by E. Rudge Allen, Humble Wednesday, February 24: ; 
Pipe Line Company; Paint Systems, Introduction by Park Muir, Dowell, 
by H. E. Waldrip, Gulf Oil Corp. Inc. 


Why Corrosion Control, by J. N. 
Hunter, Service Pipe Line Company. 
Corrosion in Action: a film by Inter- 
national Nickel Company. 
Fundamentals of Corrosion, by Orville 
Everett, Oklahoma Natural Gas Com- 
pany. 


2-2:50 Coating and Inhibitor Systems for 
Internal Surfaces, by L. G. Sharpe, 
Texas Eastern Transmission Corp., 
and C. C. Nathan, Texaco, Inc. 

3:10-4 Fundamentals of Cathodic Pro- 
tection Systems, by Maurice A. Rior- 
dan, Rio Engineering Company. 


Sessions | 8:00-8:50 | 9:00-9:45 








Soil Box Demonstrations 
———_ Protection Principles, by 
Woody, United Gas Corporation 


Transmission Pipe Lines Systems 
(oil, gas and products pipe lines) Cc. 
M. E. Frank, chairman Cathode Protection Systems, by M. 
Tennessee Gas Pipe Line Co. E. Frank, Tennessee Gas Pipe Line 
Company 


External Coatings for 
Service, 
Pipe Line Co. 








Soil Box Demonstrations 
Cathodic Protection Principles, 
C. L. Woody, United Gas Corporation 
Cathodic Protection Systems, by M. 
E. Frank, Tennessee Gas Pipe Line 
Company 


Oil and Gas Production 
(wells, flow lines, tank interiors, 
heater treaters and marine ) 
Joy J. Payton, chairman 
Texaco, Inc. 





Soil Box Demonstrations 
Refineries, Chemical, Petrochemical Cathodic Protection Principles, by 
and Industrial Plants C. L. Woody, United Gas Corporation 
W. G. Ashbaugh, chairman Cathodic Protection Systems, by M. 
Union Carbide Chemicals Co. E. Frank, Tennessee Gas Pipe Line 
Company 


Application, 


fineries and Plants, by 


ii - Box Demonstrations 

athodic Protection Principles, by 

C. L. Woody, United Gas Corporation External Coatings ol 
Cathodic Protection Systems, by M. | Line Co. 

E. Frank, Tennessee Gas Pipe Line 

Company 


Utilities 
(gas and water distribution systems, 
telephone and power systems) 
é. L. Woody, chairman 
United Gas Corp. 


Soil Box Demonstrations 
Cathodic Protection Principles, by 
C. L. Woody, United Gas Corporation 
Cathodic Protection Systems, by M. 
E. Frank, Tennessee Gas Pipe Line 
Company 


Commercial and Residential 
Design 
(heating and air conditioning) 
M. A. Riordan, chairman 
Rio Engineering Co. 








External Coatings for 







Line Co. 
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Underground 
by E. Rudge Allen, 





_by] Corrosion Problems, Corrosion Detec- 
tion and Corrosion Control Practices 
in Producing Operations, 
Edwards, Superior Oil Co. 


by W. A. 


Operation and Mainte- 
nance of Cathodic Protection in Re- 
C. Wine- 
gartner, Humble Oil and Refining Co. 








Fundamentals of Cathodic Protection, 
by Orville Everett. 

Measurements and Instruments for 
Corrosion, by Melvin Barb, Kerr McGee 
Oil Industries, Inc. 


Thursday, February 25: 

Corrosion Control Surveys, by T. L., 
Canfield, Cathodic Protection Service. 

Cathodic Protection With Galvanic 
Anodes, by L. E. Maddux, Continental 
Pipe Line Company. 

Cathodic Protection With Impressed 
Currents, by W. A. Hutchison, Sinclair 
Pipe Line Company. 

Field Trip, conducted by Louis Hay- 
ward, Mid-Continent Pipe Line Com- 
pany. 

Banquet at Mayo Hotel. 


Friday, February 26: 

Use of Coatings in Corrosion Control, 
by Lyle Sheppard, Shell Pipe Line Com- 
pany. 

Coordination of Pipelining and Corro- 
sion Control, by B. H. Davis, Gulf Re- 
fining Company. 

Miscellaneous Corrosion 
Equipment, by Earl O. Owens. 

Question and Answer Session, 
volve all course speakers. 

Registration Information 

Registration desk will be in the Mayo 
Hotel lobby, 6-8 pm, Tuesday, February 
23 and also will be open each morning 
during the course. Registration fee is 
$15, which includes one banquet ticket. 
Advance registrations should be sent to 
Mr. Brady at the above address. 


Short Course Officers 


Members of the planning committee 
for the short course are as_ follows: 
Chairman: Paul Fisher of Service Pipe 
Line Co. Program: Dick Walton of 
Royston Laboratories. Center Arrange- 
ments: Gene Donaldson of Pan Ameri- 
can Research. Registration: Hugh Brady 
of Corrosion Services, Inc. Publicity: 
Ray Amstutz of Earlougher Engineer- 
ing, Inc. Field Trip: Louis Hayward, 
Jr., of Mid Continent Pipe Line Co. 
Banquet: A. Z. Partain of Pittsburgh 
Coke and Chemical Co. 


Control 


to in- 





Schedule of Second Day’s Activities at 





| 10:15-11:00 





Internal Coatings, by L. G. Sharpe, 
Texas Eastern Transmission Corp. 

_ Inhibitors and Their Economics, by 

. R, Allen, Humble Pipe Line Co. 


Humble 


LR 








Corrosion Inhibitors, Field Applica- 
tion, Evaluation and Laboratory Test- 
ing, by D. R. Fincher, Tidewater Oil 
Co. 


Metals and Alloys for C orrosive Serv- 
ice and High Temperature Service, by 
George L. Garwood, Phillips Petro- 
leum Co, 


Survey, Design and _ Installation of 


Underground | Cathodic Protection Systems, by 
Stents 


Pipe = Heitman, United Gas Corp., and 
Mercer, 
Tele ~phone Co, 


Southwestern Bell 


Survey, Design and _ Installation of 


Underground | Cathodic Protection Systems, by T 
Service, by E. R. Allen, Humble Pipe 


M. Heitman, United Gas Corp., and 
C. L. Mercer, Southwestern Bell 
Telephone Co. 
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January, 1960 


South Central 


Tulsa Section heard O. L. Riggs, corro- 
sion research section group leader with 
Continental Oil Co., Ponca City, Okla., 
talk on the Anatrol system for corrosion 
control. Equipment used in the system 
was demonstrated. 

& 
East Texas Section had 28 members and 
guests at its November 24 meeting. 
Guest speaker was LeRoy DeRouen, 
Union Oil and Gas Corp., who spoke on 
concentric completion of high pressure 
gas and oil wells. He also discussed 
methods and cost of inhibitor treatment. 

© 
Alamo Section held a roundtable discus- 
sion of corrosion problems that members 
encountered in their work. 

New section officers were elected at 
the November 17 meeting. They are 
Chairman J. C. Kneuper of City Public 
Service Board, Vice Chairman R. N. 
Dobie of the City Public Service Board 
and Secretary-Treasurer J. W. Gibson 
of the D. W. Haering Company. Joe W. 
Gibson spoke on water problems as part 
of the technical program. 

% 
Shreveport Section elected new officers 
at the December 1 meeting. They are 
Chairman R. B. Naremore, Arkansas 
Fuel Oil Corp., Vice Chairman Grady 
Howell, Tube-Kote Co., Secretary D. A 
Tefankjian, Texas Eastern Transmission 
Corp., Treasurer Frank Therall, Inter- 
state Oil Pipe Line Co., and Trustee 
Burt Irish, Irish Engineering Co. 

e 
Corpus Christi Section had a paper pre- 
sented on “Effect of Atmospheric En- 
vironment on Corrosion Rates of Steel” 
for its November 24 meeting. Written 
by K. K. Moore and Marcus Grumbles, 
Jr, of Materials and Tests Division, 
Texas State Highway Department, the 


paper presentation also included slides 
shown by John Nee of Briner Paint 
Company. 

e@ 
Central Oklahoma Section had NACE 


Houston Sections Jan. 


NACE NEWS 


Region 


Executive Secretary T. J. Hull as guest 
speaker at the November 9 meeting. He 
spoke on new horizons for NACE as a 
national organization and also presented 
a technical paper on sandblasting written 
by E. W. Oakes, Clementina, Ltd., 
Houston, Texas. 
* 

Permian Basin Section elected its 1960 
officers at a recent meeting. They are 
Chairman G. K. Harding of Gulf Oil 
Co., Goldsmith, First Vice Chairman 
Bob Booth of Plastic Applicators, Inc., 
Odessa, Second Vice Chairman Bob 
Weeter of Mobil Oil Co., Midland, Sec- 
retary-Treasurer A. L. Mortimer of 
Magna Chemical, Inc., Odessa, and 
Trustee Roscoe Jarmon of Permian En- 
terprises, Inc., Odessa. 

Joe Rench of Napko, Inc., spoke on 
the subject “Why Coatings Ain’t Paint” 
at the December 8 meeting. 

M. A. Riordan of Rio Engineering, 
Houston, spoke on basic principles of 
corrosion and cathodic protection at the 
November 10 meeting. 

*” 
North Texas Section heard Jack P. Bar- 
rett of Pan American Petroleum Corp., 
Tulsa, Okla., speak on application of 
plastics in the oil and gas industry at the 
December 14 meeting. 


Western Region 


San Francisco Bay Area Section has 
scheduled George Moller of Union Oil 
Oleum Refinery to present a paper de- 
tailing the application of statistical anal- 
ysis to corrosion studies for the January 
12 meeting. ‘ 

R. C. Canapary, product manager of 
the Petroleum Industry Section of Nalco 
Chemical Company, presented a paper 
entitled “Filming Corrosion Inhibition in 
Hydrocarbon Streams” 
8 meeting. 


at the December 


27 


Several Changes Are Made 
In This Issue of Corrosion 


A number of changes have been made 
in the January issue of Corrosion de- 
signed to improve readership of the 
news and abstract portions and to fill 
long standing needs of readers and ad- 
vertisers. 

Most noticeable of the changes is the 
shifting of the Technical Section to the 
back of the magazine. At the same time 
the directories were moved to the back 
to preserve their relative position to the 
Technical Section. Technical Topics Sec- 
tion, which has been growing in reader 
interest and importance since it was 
established less than two years ago, has 
been shifted ahead of the Technical 
Committee Activities and NACE News 
sections of the magazine. 

A new name has been given to what 
formerly was called “General” News, to 


make it “Record and Report” which 
more nearly describes the contents of 
the section. This section will be ex- 


panded and improved from month to 
month in recognition of the increased 
interest in it expressed by readers. Also 
in this section “New Products,” is being 
improved by the addition of more read- 
able headings 

In response to repeated requests over 
a long period of years, Corrosion for 
the first time is publishing advertising 
in colors on the inside of the magazine. 
Formerly colors were accepted only on 
covers and on inserts run inside the 
back cover. 

Plans for 1960 call for a Technical 
Section of slightly more pages than was 
published in 1959. The Technical Topics 
Section should be substantially larger, 
as will the Record and Report Section. 

Two additions have been made. They 
are an editorial page, and a page headed 
“This Month in Corrosion Control”, 
both monthly features. The editorial 
page will permit bringing to the atten- 
tion of CorRrosIon’s readers items of in- 
terest which cannot be properly handled 
in news stories. This Month in Corro- 
sion Control will serve to highlight 
some of the important information in 


every issue. 


28-29 Short Course 








11:10-11:55 





Design, Operation and Maintenance 
of Cathodic Protection Systems, 
Cathodic Protection Interferences, by 
Marshall Parker, consultant 





Cathodic 
Protective Coatings, Atmospheric aa 


Underground and Marine—Plastic 
Coated Tubing, by R. M. Robinson, 
Continental Oil Co. 


teriors, 


a a a ee 


External aud Internal Protective 
Coatings for Plant Service, by F. P. 


Helms, Union Carbide Chemicals Co. | Brooke, 


Operation and Maintenance of Corro- 
sion Control Systems and Design for 
Corrosion Control, by T. M. Heit- 
man, United Gas Corp., and C. L. 
Mercer, Southwestern Ben Telephone 
AO, 


Operation and Maintenance of Corro- 
sion Control Systems and Design for 
Corrosion Control, by T. M. Heit- 
man, United Gas Corp., and C. L. 
ee Southwestern Ben Telephone 
Oo, 








Field Instruments and Designing for 
and | Corrosion Control, by B. J. Whitley, 


Tennessee Gas Pipe Line Co. 





Protection for 
Well Casing, 
Heater Treaters and Offshore 


Operations 
by J. E. 


Structures, 


nental Oil Co. 





Inhibitors and 
for Corrosion Control, by J. M. 


Phillips Petroleum Corp. 








Field Instruments and How to Use 
Them in Corrosion Control of Utili- 
ties, by C. L. 









and Chemical 
for Corrosion Control 


Inhibitors 


2:00-2:30 


Records, 






Production 


Tank In- 


Barnard, 


Landers, Conti- 






Chemical Treatment 






and Field Reports, by 
gartner, 











Woody 









Treatment 





Field Reports and Their 
Evaluation, by Sal Belassai, Trans- 
Records and Field Reports, fesvameamcer | Mmm 





Corrosion Detection Testing, Records 
E. C. Wine- 
Humble Oil and Refining Co. 


Records, Field Reports and Corrosion 
Coordinating Committees 


Records, Field Reports and Corrosion 
Coordinating Committees 


3:00-4:00 





Round Table Discussion 


continental Gas Pipe Line Corp. 


by Paul Round Table Discussion 


Atlantic Refining Co. 
















Round Table Discussion 
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North Central Region 


Chicago Section has its next meeting 
scheduled for January 19. 

At the November 17 meeting, nomina- 
tions for section officers were presented 
as follows: Chairman D. G. Keefe, Vice 
Chairman Wayne H. Schultz, Secretary 
D. B. Sheldahl and Treasurer L. L. 
Swan. 

© 

Detroit Section elected its officers for 
1960 at the November 19 meeting. They 
are Chairman Euel Vines of Koppers 
Company, Vice Chairman Carl Durbin 
of Chrysler Corporation, Treasurer 
Leonard Rowe of General Motors and 
Secretary James Everett of Truscon 
Laboratories. Two members-at-large 
were elected for two year terms: Jack 
Patt of Magnus Products and Andrew 
Spencer of Chrysler Corporation. 

Walter A. Symanski was guest speaker 


DEATHS. 


John Paul Oliver, NACE member who 
was employed by National Carbon 
Company, Cleveland, Ohio, since 1944 
as an electro-chemical engineer, died on 
November 16. He had been an NACE 
member since 1947. Before joining Na- 
tional Carbon, he was in corrosion con- 
trol work at the perchlorate plant of 
the Cardox Corporation at Claremore, 
Okla. He had a BA in chemistry from 
the University of Iowa. 


NEW | 
POCKET 
SIZE 


SINGLE-PROBE 
THICKNESS 
GAUGE 





REAR VIEW 






at the November 19 meeting. His topic 
was uses of polyester fiberglass in the 
chemical industry. 


6 
Southwestern Ohio Section has _ap- 
pointed Sylvan Falck of Inner Tank 


Lining Corporation as program chair- 
man to replace William Spurgeon, who 
has moved to Detroit to accept a posi- 
tion with the Bendix Corporation. 
ra 

The 1960 North Central Region Conference 
will be held Oct, 19-20 at the Schroeder 
Hotel in Milwaukee, Wis. 


Southeast Region 


Arthur B. Smith Elected 
Southeast Region Director 


Arthur B. Smith of Amercoat Cor- 
poration, Jacksonville, Fla., was elected 
director of the Southeast Region for 
1960 in a recent election. 

Other regional officers elected were as 
follows: Chairman George M. Jeffares, 
Plantation Pipe Line Co., Atlanta, Ga., 
Vice Chairman Henry T. Rudolf, At- 
lantic Coatings Co., Inc., Jacksonville, 
Fla., Secretary-Treasurer James L. 
English, Oak Ridge National Labora- 
tory, Oak Ridge, Tenn., and Assistant 
Secretary-Treasurer Edwin J. Tilton, 
Jr., Florida Power & Light Co., Miami, 
Fla. 


s 
There were 311,758 stockholders in one 
U.S. steel company in 1958. These stock- 
holders included men and women from 
all walks of 
nation. 


life in every state in the 


MORE RUGGED 


Single-probe assures accurate meas- 
urements on either flat or curved 
surfaces. Measures thickness of 
paint, enamel, lacquer, plastic or 
any non-ferrous metal coatings 
without damage to coating. Pointer 


clamp locks needle for readings on 


THREE SCALES 


M.894A 0 — .030"” 
M.894B 0 — .010” 
M.894C 0 — .005” 


ONLY $58.00 


out-of-the-way spots. Gives reading 
in both inches and millimeters. 
Complete with durable leather case 
which fits on belt. 


Complete domestic service and repair available... 


THE O. HOMMEL company 


Carnegie, Pennsylvania 








» 
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SECTION. 
CALENDAR 


Janua 


T 


January 


4 


North Texas Section. 








5 Shreveport Section, Capt. Shreve 
Hotel. 
7 West Kansas Section. 
7 Pittsburgh Section, Microbiological ~ 
Studies of Pipeline Back-Filled 
Ditches, by J. O. Harris, Kansas 
State University. 
12 San Francisco Bay Area Section. 
12 Baltimore-Washington Section, 
19 Chicago Section. i 
20 Los Angeles Section. 
21 Detroit Section. Tank Lining Forum: 
L. Woerner, Automotive Rubber 
Co., L. J Barker, Union Carbide, and 
W. J. Crehan, Gatz. 
25 Tulsa Section. 
26 Panhandle Section. 
26 Southwestern Ohio Section. Corro- 
sion Resistant and Masonry Con- 
struction, by Robert Pierce, Pennsalt 
Chemical Corp. To be held in Cin- 
cinnati. 
28 Edmonton Section. 
28 Sabine-Neches Section. 
February 
1 North Texas Section. Fe 
2 Shreveport Section. Capt. Shreve : 
Hotel. Cathodic Protection—Design 
for Interference. 
2 Philadelphia Section. Role of the 
Materials Engineer, by Walter Bur- 
ton. 
4 West Kansas Section. 
4 Pittsburgh Section. Modern Archi- 
tectural Design and Associated Cor- 
rosion Problems, by R. A. Fisher, 
Carnegie Institute of Technology. 3. PR 
9 Houston Section. Joint meeting fr 
with Southwest District ASTM. — 
F, L. LaQue, International Nickel 
Co., Inc., ASTM president, will 
talk on “Research in Corrosion.” 
9 San Francisco Bay Area Section. 
9 Montreal Section, Cement Corro- - 
sion, PRE 
16 Chicago Section. Corrosion Round- Fach 
table Discussion. ac 
16 Baltimore-Washington Section. Cor- Wher 
rosion Problems in Highway Main- er 
tenance, by W. J. Halstead. testin 
18 Detroit Section. Joint Meeting with INgS 
Electrochemical Society. Park Shel- 1. $O 
ton Hotel. Electrochemical Mapping terial 
of Plated Surfaces, by H. T. Fran- tanks 
cis, Armour Research Foundation. no re: 
22 Tulsa Section. Speci 
23 Panhandle Section. ; 2. SO 
23 Southwestern Ohio Section. Ma- plasti 
terials of Construction in Chemical Bure: 
Process Industries, by Harold Boer- tects 
ger, Hilton Davis Chemical Co. To t 
be held in Cincinnati. oe 
25 Edmonton Section. 
25 Sabine-Neches Section. 


® 

Canadian Region’s Eastern Division 
Conference will be held January 17-20 in 
Toronto. 
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NACE NEWS 


HOW WOULD YOU SOLVE 





at 4 


1. PROBLEM: Coat inside of factory water ta 
affecting taste of the water. 





3. PROBLEM: Guard vital parts of a dockside gantry crane 
from salt spray corrosion. 


THESE CORROSION PROBLEMS? 


nk without 





Lee 
Pa 


Far Vast? 
A TNA | 





2. PROBLEM: Protect conveyor trestle from the corrosive 
effects of harmful chemical by-products. 





F zi Satie: SA sain iS 
4. PROBLEM: Coat, while in the field, joints of welded pipe 
without priming or torching the surface, 


JOB-MATCHED COLD COATINGS 


PRE-PLANNED...PRE-MIXED...PRE-TESTED 


Each Allied Chemical Job-Matched Cold Coating (formerly 
named Barrett) is made to solve specific corrosion problems. 
When you apply the right control you eliminate costly 
testing and reapplications. And Job-Matched Cold Coat- 
Ings are inexpensive to begin with! 


1, SOLUTION: Allied Chemical T.O.F. (#114) Coal-tar ma- 
terial specially compounded for the inside of potable water 
tanks, pipes, hydrants, hose houses and equipment where 
no residual taste or odor can be tolerated. Meets AWWA 
Specification D102-55T, Sec. 5.4.6. 


2. SOLUTION: Allied Chemical CA 50 Coating (#150) A 
plasticized, gel-type, coal-tar material that meets U.S. 
Bureau of Reclamation Specification No. C.A. 50. Pro- 
tects dams, bridge piers, exposed metal works and con- 
crete subject to extreme corrosion. 


PLASTICS AND COAL CHEMICALS DIVISION 


3. SOLUTION: Allied Chemical 34Yc Coating (#134) A 
plasticized thixo-tropic, coal-tar material meeting the 
U.S. Navy, Bureau of Yards and Docks Specification No. 
34Yc. Combats corrosion due to salt spray and other re- 
active conditions—piers, ships, service vessels and off- 
shore installations. 

4. SOLUTION: Allied Chemical Service Cement (#160) A 
mastic type coating with high-grade, coal-tar pitch base, 
plastic material. You don’t have to prime for torch field 
welding. Use it with our Pipeline Fabric. Meets Specifica- 
tion SSC-153, Type II. 

You name the area and there’s a Job-Matched Cold 
Coating ready to be brushed or sprayed on without heating 
or activators. Properties include chemical resistance, 
heavy coating thickness per coat and fast drying. 


llied 


40 Rector Street, New York 6, N. Y. hemical 
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AD WROUGHT IRON 





STEAM RETURN LINES 





STEAM CONDENSATE CORROSION: the cause, the effect, and a suggested safeguard 


4-D represents the most 
significant development in 
the history of wrought iron 
metallurgy. It was achieved 
by substantially increasing 
the deoxidation of the base 
metal, slightly increasing 
the phosphorous content 
and using a more siliceous 
iron silicate. Result is in- 
creased corrosion resist- 
ance, improved mechanical 
and physical properties. 


Write for new 4-D Wrought 
Iron literature and our special 
report, The Use of Wrought Iron 
in Steam Condensate Lines. 
A. M. Byers Company, Clark 
Building, Pittsburgh 22, Pa. 


| 
| 


WHAT CAUSES STEAM CONDENSATE—Steam, losing its heat, turns to moisture 
as temperature drops below saturation level. This condensate is distilled water, 
greedy for gases. Any gas in the steam is readily absorbed into this condensate 
as it cools. The condensate becomes violently corrosive to ordinary piping 
materials, depending upon the percentage of free CO, plus O, in the steam. 


EFFECT OF STEAM CONDENSATE ON PIPE—Carbon dioxide is the primary cause of 
return line corrosion. Like oxygen, carbon dioxide is present in all raw waters 
and may enter the boiler with the feed water. Most of the carbon dioxide found 
in the steam cycle results from decomposition of the bicarbonate or carbonate 
content of the boiler feed water. Build-up of insoluble products of corrosion— 
particularly in smaller lines—may plug the pipe and render it useless. Corrosion 
may cause grooving, channeling, pitting, completely penetrating the pipe wall. 


A PIPING MATERIAL THAT COMBATS IT—New 4-D Wrought Iron is a two-com- 
ponent metal consisting of high purity iron and iron silicate fibers. There are 
over 250,000 non-rusting glasslike fibers to every cross-sectional square inch. The 
purity of the iron itself, plus the protection of the iron silicate fibers are a mighty 
formidable deterrent to steam condensate corrosion and its deleterious effects. 


BYERS 4-D WROUGHT IRON 
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93 Technical Papers 
To Be Presented 


Ninety-three technical papers by 133 
authors in 15 symposia have been 
scheduled for the 16th Annual Confer- 
ence of the National Association of 
Corrosion Engineers. The conference 
will be held March 14-18 at Dallas. 

Also on the technical program are 
meetings of 59 technical committees 
and of the Inter Society Corrosion 
Committee. Technical committee meet- 
ings will be held Monday, March 14, at 
the Adolphus Hotel and on succeeding 
days at the Dallas Municipal Audito- 
rium. All technical symposia will be at 
the Municipal Auditorium. 

The annual Fellowship Hour, spon- 
sored by exhibitors at the 1960 Cor- 
rosion Show, will be held at the Adol- 
phus on Tuesday, March 15. The 
annual banquet will be held on Wednes- 
day, March 16, in the Baker Hotel ball- 
room. Dinner music will be furnished, 
and there will be a two-hour entertain- 
ment program. 


The annual presentation of the Frank Newman Speller 
and Willis Rodney Whitney Awards and of the Young 
Author’s Award will be made at the banquet. New officers 


and directors will be introduced. 


ADVANCE PROGRAM 


16" ANNUAL CONFERENCE 


and 1960 Corrosion Show 
Memorial Auditorium - Dallas, Texas « March 14-18, 1960 


Outstanding Program Is Arranged 


Index to Contents 


Authors’ Photographs 
Biographies of Authors 
Cathodic Protection Symposium.. 40 
Chemical Industry Symposium, 
OEE Ss ca Cuscenveseesas § 
Session Two 
Corporate Member Luncheon 
Corrosion Principles Symposium.. 3 
Corrosion Problems Roundtable... 34 
Corrosion Show Exhibitors 
Educational Lectures 
Elevated Temperature Symposium, 
Session One 
Session Two 
General Corrosion Symposium.... 40 
High Purity Water Symposium... . 
How to Order Copies of Paper... 
Inhibitors Symposium, 
Session One 
Session Two 
Ladies’ Program 
Marine Corrosion Symposium 
Missile Industry Symposium 
NACE Booth 
Oil and Gas Production 
Symposium 
Pipe Line and Underground 
Corrosion Problems Roundtable. 
Pipe Line General Symposium... . 
Plastics Symposium, 
Session One 
Session Two 
Products to Be Shown at 
Corrosion Show 
Protective Coatings Symposium, 
Session One 
CRI sa cen cks ecleeusie xnele i 
Refining Industry Symposium 
Registration 
Technical Committee Meetings. .. . 
Tchnical Program Schedule....... 32 
Utilities Industry Symposium.... . 34 








1960 Corrosion Show 
Has 90 Exhibitors 


Hundreds of products, items of equip- 
ment and other useful information will 
be available to visitors at the 1960 Cor- 
rosion Show. The show, to be held 
from 10 am to 5 pm daily March 
15-16-17 at Dallas’ Municipal Audito- 
rium, will feature the corrosion control 
products of 90 exhibitors to be dis- 
played in 121 booths. Booth space for 
the show has been sold out since 
September. 

3ecause this is the first national 
meeting of the National Association of 
Corrosion Engineers held in the South- 
west in seven years, Robert W. Huff, 
NACE Exhibits Manager, said he be- 
lieved attendance would set a record for 
NACE shows. The facilities at the 
Dallas auditorium are excellent, he 
said. 

All technical committees meetings 
and symposia, as well as many other 
meetings of standing and special com- 
mittees of the associat‘on will be held in 


the auditorium on the floor above the corrosion show. 
Although the show is not open to the public, Mr. Huff 
pointed out that exhibitors can obtain copies of special 


At the annual general business meeting at 11 am Wed- 
nesday, March 16, in Room 300 Memorial Auditorium, 
actions of the NACE board will be ratified and the usual 
reports heard from officers and standing committees of 
the association. 

NACE will staff a booth at the Corrosion Show where 
information about the program and the association may 
be obtained. 

An advance program and other information on the 
Dallas Conference will be mailed early this month to 
NACE members and domestic subscribers of Corro- 
SION. Hotel registration cards will be included. 


invitations which they may issue to their customers and 
friends. Previous experience indicates that a substantial 
number of persons will come to see the show only. There 
is no admission fee. 

Booths are staffed by experienced scientists and engi- 
neers qualified to answer questions about their products. 
The usual printed technical information will be available 
for those interested. 

Persons interested in learning more about NACE’s 
Corrosion Shows are invited to write to Mr. Huff, at 
NACE Central office. 





National Association of Corrosion Engineers 


1061 M &M Bldg. ° Houston 2, Texas 
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Dallas Conference 
Registration Begins 
Sunday, March 13 


No advance registration will be made 


for the 1960 NACE Conference in Dal- 
las, March 14-18. Early registration will 


be Sunday, March 13 from 1-5 pm at the 
Adolphus Hotel Lobby. 


Registration fee for NACE members 
will be $25 which will include a banquet 
ticket and entitles registrant to attend 
all conference functions. Fee for non- 
members will be $30 which will include 
a banquet ticket and admittance to all 
conference functions including the tech- 
nical symposia, some of the technical 
committee meetings, Fellowship Hour 
and the Corrosion Show. 

Fee for ladies will be $10, which will 
entitle the registrant to attend the ban- 
quet and all conference functions includ- 
ing the Ladies’ Program, Fellowship 
Hour and the Corrosion Show. 

Exhibitors at the Corrosion Show will 
pay no registration fee for three desig- 
nated representatives. Registration fee 
must be paid fer any other exhibitors 
if they wish to attend the technical sym- 
posia or technical committee meetings. 


CORROSION—NATIONAL 


ASSOCIATION OF 
Banquet tickets must be purchased for 
$10 if exhibitors wish to attend. 


Registration Schedules 
Adolphus Hotel Lobby: 


ORY o or.sce Sioa bene > Sas 1-5 pm 

DIOMGAY 5 665.550 00 bare 7:30 am-4:30 pm 
Memorial Auditorium: 

AUER. m5 eats eas <5 7:30 am-4:30 pm 

Wednesday... cc. 8 am-4:30 pm 

ME DUAN «66.4 tla ia saya. Oe 8 am-4:30 pm 

PEs ci casixn net sae eee 9-11 am 


Three Educational 
Lectures to Be Part 
Of Technical Program 


Three one-hour educational lectures 
are scheduled as part of the technical 
program at NACE’s 16th Annual Con- 
ference, March 14-18, in Dallas. 

The three lectures will be on corrosion 
inhibition, stress corrosion cracking and 
galvanic corrosion and are scheduled at 
11:30 am on the three dates given below 
with abstracts of the three lectures. 


Monday, March 14 
Stress Corrosion Cracking: A Review of Current 
Status, by W. Lee Williams, U. S. Naval Engi- 
neering Experiment Station, Annapolis, Md. 
Discusses various definitions of stress corrosion 


CORROSION ENGINEERS 
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cracking used in past and attempts to clarify con. 
fusion by classifying various modes of cracking and 
illustrates each with typical examples. Gives the 
most important type of cracking as that associated 
with electrochemical phenomena. 


Tuesday, March 15 


Galvanic Corrosion, by Thomas P. May, Interna. 
tional Nickel Company, Kure Beach - Harbor 
Island Testing Stations, Wrightsville Beach, N.C, 

Explains that galvanic corrosion occurs when dis- 

similar metals are coupled in an electrolyte. Direc- 

tion of galvanic current is determined by corrosion 
potentials ‘of metals or alloys in the couple, Ex. 
plains that intensity of galvanic corrosion depends 
on several factors including corrosion potentials of 
the metals, their Cy gh to polarization when 
under influence of galvanic currents, resistance of 
the electrolytic path, resistance of external metallic 
path, geometry of the system, degree of aeration of 
the electrolyte, etc. Underl ying principles govern- 
ing these factors is discussed with illustrations from 
studies in sea water under different conditions, 


Thursday, March 17 


Corrosion Inhibition, by Norman Hackerman, Uni- 
versity of Texas, Austin, Texas 

Describes recent approach to problems of corrosion 
inhibition by chemical addition to environment. 
Describes influence of molecular structure on in- 
hibitive capacity. Explains that evidence shows all 
organic inhibitors to be effective in altering anodic 
and cathodic reactions. Experiments discussed made 
use of acidic solutions. Little definitive information 
is found on neutral solutions, 


2 
NACE Certificates of Membership are 


available from the Central Office. Meas- ‘ 


uring 542 x 8% inches, the certificates 
cost $2 each and are signed by the as- 
sociation president and executive secre- 
tary. 


Tentative Schedule—TECHNICAL PROGRAM AND TECHNICAL ‘COMMITTEES® © 








Adolphus Hotel 


























| | Danish | 
Ballroom Roof Garden | North Room | Cactus Room| Room Room A Room D | Room G | Room C | Room B 
| Refining Ind. | | | 
Sym. Part 1 T-5A-1 | Missile Ind 
am) f= ~~ T-2B T-5A-3 | Sym. Part 1 T-1 r-2J l-6G T-2C r-6K r-2L 
MONDAY | 11: 30- 12: 30 | | 
March 14 | Educ. Lect, 
| eGaihe | Protective | Missile | 
Industry | Coatings T-5A-2 Industry | 4F | 
pm | Symposium Symposium T-5A Sym. Part 2 T-1 T-4E-1 r-3G-1 r-9A 4F-1 T-2J-5 
| Part 2 Part 1 
Memorial Auditorium 
| 
Room | Room | Room | Room Room 
| Room 300 Room 303 | Room 301 Room 302 205 Room 200 201 202 203 204 
-_-_—e Co "| —— + - —_——. —_——__ —__— 
Chemical Protective | Oil & Gas | Educational | 
am | Industry Coatings | Production | Lecture, 2 T-4B | | 
| Symposium | Symposium | Symposium 11:30-12:30 T-4J T-3G T-3C T-2D T-2M | T-3F 
TUEDSAY Part 1 Part 2 | | | | 
March 15 ~~ aa | -—- - | 
| | 1961 
pm VISIT} EXHIBIITS | T-5D T-4H | Conference | 
| | T-4C Symposium | 
| T-4G Chairmen | 
| Corr. Prin. | | | 
| Sy mposium Elevated | Corrosion | | 
— Temperature | Inhibitors T-6A T-2H T-4A r-4E T-2E r-2A T-3D 
am 11:00 Symposium | Symposium | 
| Gen. Bus. Part 1 | Part 1 | 
WEDNESDAY} | Meeting | | | 
March 16 | -| _ | | 
Cc hemical General | Cathodic | | 
pm | Industry Corrosion | Protection T-8A | T-5B r-6B T-3B T-3H T-6F T-4D 
| Symposium Symposium | Symposium | T-3A | 
| Part 2 
| Elevated | T-9B 
| Plastics Temperature | | 
am | Symposium | Symposium Utilities | Educational T-8 l-6E | T-3E T-6R | T-6H T-2 
Part 1 |} Part 2 | Symposium Lecture 3 | T-3E-1 | 
| | | 11:30-12:30 | 
THURSDAY - --— -- } - | 
March 17 T-6D | T-5E T-9 ' IscC 
| High | Corrosion | — -|—- = _ —_—_— 
pm Plastics Pipe Line Purity Inhibitors T-8 T-6 T-5 T-4 T-3 | T-2k 
| Symposium Corrosion Water | Symposium Adolphus Adolphue | — | Adolphus | 
| Part 2 Symposium Symposium Part 2 ! Hotel | Hotel Hotel | Hotel | 
| | ; Room C | Room B | Room F | Room E 
ta eee : — | | s a ee eae A 
| General | Pipe Line & | Marine | | | 
FRIDAY am | Corrosion Underground | Corrosion | | 
March 18 | Round | Corrosion Symposium 
Table Roundtable | 
* See pages 84 to 88 for jn ctory of Tec hnical c ommittees. 
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Of Articles Published In Corrosion 


Remittances must accompany all orders for literature the aggregate cost of which is less 
than $5. Orders of value greater than $5 will be invoiced if requested. Add 65c per 
package to the prices given below for Book Post Registry to all addresses outside the 
United States, Canada and Mexico. Send orders and remittances to NACE, 1061 M&M 


Bidg., Houston 2, Texas. 


Aluminum 


The Performance of Alcan 65S-T6 Alumi 
num Alloy Embedded in Certain Woods 
Under Marine Conditions by T. E. Wright, 

P. Godard and |. H. Jenks.......... 


Application of Statistical Theory of Ex- 
treme Values to the Analysis of Maxi- 
mum Pit Depth Data for Aluminum 
Be ry Posen diccscoeevhpesases 


Mechanism of Inhibiting Effect é Hydro- 
fluoric Acid in Fuming Nitric Acid on 
Liquid-Phase Corrosion of Aluminum and 
Steel Alloys by Davis M. Mason and 
Sate BD. TPORMIIONED <n cece resess 


An Eddy Current Gauge for Measuring 
Aluminum Corrosion by W. E. Ruther. . 


The Corrosion Behavior of Aluminum by 
Hugh P. Godard 


Aqueous Corrosion of Aluminum—Part ne 
Methods of Protection Above 200 C b 
J. E. Draley and W. E. Ruther........ 


Compatibility of Aluminum With Alkaline 
Building Products by C. J. Walton, F. L. 
McGeary and E. T. Englehart. . 


Structural Features of Corrosion of Aten 
num Alloys in Water at 300 C by Kurt 
M, Carlsen 


The Static Electrode Potential Behavior of 
Aluminum and the Anodic Behavior of 
the Pure Metal and Its Alloys in Chlo- 
ride Media by E. M. Khairy and M. 
NN IIR oie isc ole sane Celwee's 


Reaction of Certain Chlorinated Hydrocar- 
bons with Aluminum by A. C, Hampstead, 
G. B. Elder and J. C. Canterbury....... 

Effects of Cold Working on Corrosion of 
High Purity Aluminum in Water at High 
Temperatures by M. J. Lavigne es 


Cathodic Protection 
and Pipe Lines 


Cathodic Protection of Internals of Ships by 
P. Sudrabin 


Cathodic Protection of Oil Well Coen at 
Kettleman Hills, California by J. K. Bal- 
lou and F. W. Schremp 


Cathodic Protection a an Active Ship Using 
Zinc Anodes by B. H. sia and H. S. 
Preiser 


Polarization in the Suneion of Ice ake 
ers by J. H. Greenblatt..... 


The Application of Cable in Cathodic Sie 
tection—Part | by M. A. Riordan and 
Part Il by R. G. Fisher. 


Economic Considerations a: Pipe aie 
Corrosion Control by L. G. Sharpe...... 


Application of Cathodic Protection to 48 
Well Casings and Associated Production 
Facilities at Waskom Field by G. L. 
Doremus, W. W. Mach and J. J, Lawnick 


Potential Criteria for the Cathodic Pro- 
tection of Lead Cable Sheath by K. G. 
Compton 


Current Requirement for Cathodic Protec- 
tion of Oil Well Casing by E. W. 
ES cc acccedoh eaten ae eook aeons 


Electrochemical Deterioration of Graphite 
and High-Silicon Iron Anodes in Sodium 
Chloride Electrolytes by S. Tudor, W. L. 
Miller, A. Ticker and H. S. Preiser. . 


The Use of Magnesium for the External 
Cathodic Protection of Marine Vessels by 
Cc. F. Schriber 

Cathodic Protection of Lead Cable Sheath 
in the Presence of Alkali from a 
Salts by Walter H. Bruckner and W. 
Lichtenberger 


Microbiological Deterioration my Buried Pipe 
and Cable Coatings by F. E, Kulman.... 


50 


50 
50 


-50 


50 


50 


50 


50 


50 


50 


50 


-50 


-50 


50 


50 


50 


-50 


Electrical Measurements and Their Inter- 
pretation in Underground Cable Corrosion 
Problems by K. G. Compton. . ats 


Coatings 


How to Determine a ‘Comparable Cost’ for 
Paints by V. B. Volkening and J. T. 
Wilson, Jr. ee 

Testing of Coal Tor Coatings (11)—Field 
Exposure in Cold Climates by W. F. Fair, 
Jr., C. U. Pittman and M. G. Sturrock. . 


Inhibitors 


Evaluation of Refinery Corrosion Inhibi- 
tors by A. J. Freedman and A. Dravnieks 

Developments in Cooling Tower System 
Treatments (Part 1— Polyvalent lon- 
Polyphosphate Inhibitors) by J. |. Breg- 
man and T Newman ‘ 

Corrosion Inhibitor Testing Inside a Prod- 
ucts Pipe Line by Robert H. Meyer 

Dicyclohexylammonium Nitrite, a Vola- 
tile Corrosion Inhibitor for Corrosion 
Preventive Packaging by A. Wachter, 
T. Skei and N. Stillman............... 

Inhibiting a Cooling Water Tower sytem 
by F. L. Whitney, Jr...... ; 

Some Experiences with Sodium Silicate as 
a Corrosion Inhibitor in Industrial Cooling 
Waters by J. W. Wood, J. S, Beecher 
and P. S. Laurence..... 


Non-Chemical Factors Affecting Inhibitor 
Selection and Performance in Air Condi- 
tioning Cooling Waters by Sidney Sussman. 

Inhibiting Effect of Hydrofluoric Acid in 
Fuming Nitric Acid by David M. Mason, 
Lois L, Taylor and John B. Rittenhouse. . 

Nitrite Inhibition of Corrosion: Some Prac- 
tical Cases by T. P. Hoar 

Study of the Compatability of Floating- 
Type Inhibitors and Cathodic Protection 
by E. R. Streed OS ok 


Miscellaneous 


The Corrosion of Steel in a Reinforced Con- 
crete Bridge by R. F. Stratfull........ 
Some Aspects of the Corrosion Processes of 
Iron, Copper and Aluminum in Ethylene 
Glycol Coolant Fluids by P. F. Thompson 
(Deceased) and K. F. Lorking..... 
Corrosion Control by Magic—It’s Wonderful 
SS > | eee earn 
Why Metals Corrode by H. H. Uhlig....... 


The Relation of Thin Films to Corrosion by 

Thor N. Rhodin 

pon of Liquid Metal Corrosion by 

bp MI. co sces 

The Oxidation of Molybdenum by E. S. 

Jones, Capt. J. F. Mosher, Rudolph Speiser 
and J. We INI ai 6arssarsrecc wrasenis « 


Corrosion and Metal Transport in Fused 
Sodium Hydroxide (Part 2—Corrosion of 
Nickel-Molybdenum-tron Alloys) by G. 
Pedro Smith and Eugene E. Hoffman.... 

Corrosion and Metal Transport in Fused 
Sodium Hydroxide—Part 3—Formation of 
Composite Scales on Inconel by G. Pedro 
Smith, Mark E. Steidlitz and Eugene E. 
Hoffman 


Some Concepts of Exporimentel Design by 
| re 


The Growth of Ferrous Sulfide on iron, by 
R. A. Jeussner and C. E. Birchenall..... 


Standardization in the Field on Corrosion 
and Corrosion-Protection in Germany by 
Henry Hives 

A Kinetic Study of Acid Corrosion of Cad- 
mium by Henry Weaver, Jr. and Cecil 
AMINE Soper schists Oe ay iy aie Grouia alae 

Cavity Formation in Iron Oxide by D. W. 
Juenker, Meussner and C. E. 
DEN) Bi ai ehlaccnehex tie tesb awa 

Relation of Corrosion to Business Costs 
by Aaron Wachter.... 
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The Corrosion of Iron in High-Temperature 
Water. Part I|—Corrosion Rate Measure- 
ments by D. L. Douglas and F. C. Zyzes.. 


Corrosion Studies in High Temperature 
Water by a Hydrogen Effusion Method by 
M. C. Bloom, Krulfeld, W, A. Fraser and 
Viannes 

Corrosion of Metals in Tropical Environ- 
ments, Part 1—Five Non-Ferrous Metals 
and a Structural Steel, by B. W. Forgeson, 
C. R. Southwell, A. L. Alexander, H. W. 
Mundt and L. J. Thompson... 

Prevention of Localized Corrosion in Sul- 
furic Acid Handling Equipment by G, A. 
Nelson .. 

High Temperature Oxidation of lron- Nickel 
Alloys by M. J. Brabers and 4 
Birchenall .. eT EERE CR Aa os 

Controlling Corrosion | in Coal-Chemical 
Plants by C. P. Larrabeo and W. L. 
CE a cursan etude eemeerere kere 

Corrosion and the Destination of Corrosion 
Products in a High Pressure Power Plant 
by Ross C, Tucker.. 

Methods for Increasing ‘the Corrosion Re- 
sistance of Metal Alloys "7 N. 
Tomashov * 

Corrosion of Zinc by Differential Aeration 
by G. Bianchi... 


SYMPOSIUM ON CORROSION 
BY HIGH PURITY WATER 
Introduction, John F. Eckel 
Corrosion of Structural Materials, A. H. 
Roebuck, C, R. Breden and S. Greenburg. 
Corrosion Engineering Problems, D. J. 
DePaul. 
Importance of Data to Industrial Applica- 
tion. W. Z. Friend. Per Copy 


Petroleum Production 
and Storage 


Naphthenic Acid Corrosion—An Old Enemy 
of the Petroleum Industry by W. A. 
DE. tfc nor. viabratsentacee ei is 


Analysis of Corrosion Pitting by Extreme 
Value Statistics and Its Application to 
Oil Well Tubing Caliper Surveys by G. C. 
Eldredge .. 


Interpretation of Tubing Caliper Surveys by 
Victor W. Maxwell and Ben D. Park.... 


A Laboratory Study of N-Oleoy! Sarcosine 
as a Rust Inhibitor in Some Petroleum 
Products by Robert M. Pines and John 
DE IE sc ace'v oskie-nbcn toe des 


Sulfide Corrosion Cracking of High Strength 
Bolting Materials by Donald Warren and 
1D, ls WOON, cis ecw cexne 


Corrosion in Amine Gas Treating Solutions 
by F. S. Lang and J. F. Mason, Jr... 


Corrosion Products of Mild Steel in Hydro- 
gen Sulfide Environments by F, H. Meyer, 
O. L. Riggs, R. L. McGlasson and J. D. 
MIs, oo os ck hive phC ee: 


An Electrical Seiteniees Method of Corro- 
sion Monitoring in Refinery Equipment 
by A. J. Freedman, E. S. Troscinski and 
A. Dravnieks 


THREE PAPERS ON 
SULFIDE CORROSION 


A Note on the Value of Ammonia Treat- 
ment for Tank and Casing Annulus Cor- 
rosion by Hydrogen Sulfide by Walter F. 
Rogers 


Use of Ammonia to Prevent Casing Corro- 
sion by H. E, Greenwell, Rado Loncaric 
and Harry G. Byars 

Electrochemical Studies of the Hydrogen 
Sulfide Corrosion Mechanism ¥ Scott 
P. Ewing 


Stainless Steel, 


Titanium 


Effect of Sigma Phase vs Chromium Car- 
bides on the Intergranular Corrosion of 
Type 316 and 316L Stainless Steel (Part 
1—A Survey of the oemeaes 7 Don- 
ald Warren ... 


The Effect of No, “HNOz, and HNO: on 
ar ge of Stainless Steel by H2SO. by 
W. P. McKinnell, Jr., L. F. Lockwiid, 

R. Speiser, F. H. Beck and M. G. Fontana 


Inhibiting Effect of Hydrofluoric Acid in 
Fuming Nitric Acid on Corrosion of 
Austenitic Chromium-Nickel Steels, by 
Clarence Levoe, David Mason and John 
Rittenhouse erence 
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“THERMO-PICKLING® fusuicr Goods 





TRADE MARK 


the proof of quality 





Tubular Lining Corporation now brings to the plastic lining 
users “Thermo-Pickling’”®—the TLC exclusive automatic 
metal cleaning process. Internal surfaces of tubing are 
cleaned to a new degree of refinement—free of foreign matter 
and neutral in pH. After arrival at TLC, tubing is inspected, 
enters automatic “Thermo-Pickling,”® is automatically sand- 
blasted and re-inspected. Approved tubing then enters the 
‘Autotronic’”® lining equipment that applies and bakes coats 
in controlled succession by an endless automatic process to 
give a flawless lining that resists corrosion and paraffin de- 
posits. At TLC, uniform bake cycles assure positive bond 
and cure. 

Specify TLC linings—a new standard in quality control— 
both metal preparation and lining. 


See Us in Booth 9 


1960 Corrosion Show—Dallas 





TUBULAR LINING CORPORATION 


LARRY E. HEINEN, PRESIDENT 
JAckson 3-7013 @ P.O. Box 20015 @® Houston 25, Texas 
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Utilities Symposium 
Scheduled to Have 
3 Technical Papers 


A Utilities Industry Symposium and 
two roundtable discussions will be in- 
cluded in the 1960 NACE Conference 
technical program at Dallas. 

One of the papers to be presented at 
the Utilities Industry Symposium will 
be “Corrosion of Tube Materials by 
Boiler Sludge,” by D. E. White, West- 
inghouse Electric Corp., Pittsburgh, Pa., 
and E. Howells and T. A. McNary, 
Babcock & Wilcox, Alliance, Ohio. 

Symposium chairman is C. L. Mercer, 
Southwestern Bell Telephone Co., West- 
field, Texas. Co-chairman is A. W. Mac- 
Kay, Detroit Edison Co., Detroit, Mich. 
The symposium will be held Thursday, 
March 17, 9-11:30 am. 

The two rountable discussions sched- 
uled will be Corrosion Problems and 
Pipe Line and Underground Corrosion 
Problems. These two sessions are de- 
signed to bring together people who 
have specific questions on corrosion and 
people who can help provide the answers. 

The General Corrosion Problems 
Roundtable will be held Friday, March 
18, 9-11:30 am. Chairman is L. C. Was- 
son, A. O. Smith Corp., Milwaukee, 
Wis. Co-Chairman is John J. Halbig, 
Sr., Armco Steel Corp., Middletown, 
Ohio. 

The Pipe Line and Underground Cor- 
rosion Problems Roundtable also will be 
held Friday, March 18, 9-11:30 am. 
Chairman is C. A. Erickson, Jr., Peoples 
Natural Gas Co., Pittsburgh, Pa. 


Corporate Members to Be 
March 17 Luncheon Guests 


All NACE corporate members are in- 
vited to a luncheon to be held Thursday, 
March 17, during the 1960 Dallas Con- 
ference. Each corporate member has 
been asked to bring a management rep- 
resentative from his company. Both the 
member and his company representative 
will be guests of NACE at the luncheon. 

W. C. Kinsolving, vice president of 
Sun Pipe Line Company, Philadelphia, 
Pa., will give the keynote address at the 
luncheon. 


Executives of companies in the Dallas 
area also are invited to attend the 
luncheon. 


NACE Booth at Exhibition 


An NACE Booth will be set up 
in the Exhibition Hall of the 
Memorial Auditorium during the 
Dallas Conference. Open Tuesday 
through Thursday, March 15-17, 
the booth will serve as an infor- 
mation center for the conference 
and wil! also have samples of all 
NACE literature available includ- 
ing the Bibliographic Survey, Ab- 
stract Card Service, literature lists 
and Mudd Manual. 

Membership application blanks 
and information on 1960 regional 
meetings will be available at the 
booth. Orders is for copies of tech- 
nical papers to be presented at the 
Dallas conference will be taken at 
the booth. 


How to Order Papers 


Improvements in the procedure 
for handling orders for copies of 
technical papers given at the Dal- 
las Conference have been made. 
The revised procedure will be: 

1. Orders will be taken at Dallas 
for copies of papers to be printed 
by NACE at a uniform price of 
50 cents per copy, payment with 
order. 

2.A list will be published in 
April Corrosion of papers to be 
printed by NACE. Orders will 
be accepted for these papers from 
those who attended the conference 
at 50¢ per copy. Orders from 
those who did not attend will be 
accepted at $1 a copy. 

3. Request forms will be avail- 
able at Dallas to be used to ask 
for copies of papers to be printed 
by authors themselves. 

4. A list of papers not known to 
be available in printed form will 
be provided on which copies may 
be requested. These requests will 
be used only to inform authors of 
the number who want. their 
papers. These requests are not ex- 
pected to result in copies actually 
being received by those interested. 

5. Order forms will be at the 
NACE Corrosion Show booth. 

Papers ordered from NACE 
will be printed and forwarded 
within six weeks after the confer- 
ence. 

NACE will collect and forward 
to authors who choose to print 
their own papers, requests received 
for them. It will then be the re- 
sponsibility of the authors con- 
cerned to honor the requests. 


Ladies’ Program Scheduled 
During Dallas Conference 


Headquarters and Hospitality Room 
for the Ladies’ Program during NACE’s 
16th Annual Conference in Dallas will 
be the French Room on the lobby floor 
of the Adolphus Hotel. 

Registration fee for ladies will be $10, 
entitling the registrant to attend all con- 
ference functions including the Ladies’ 
Program, Fellowship Hour, Banquet 
and Corrosion Show. 

The Adolphus Hotel French Room is 
tentatively scheduled to be open for the 
following times: Sunday, March 13: 
2-4:30 pm; Monday through Thursday, 
March 14-17, 9:30 am-4:30 pm; Friday, 
March 18, 9:30 am-12 noon. 

A tea has been planned in the French 
Room for 2:30 pm Monday, March 14. 
A coffee-brunch and style show are 
scheduled at the Zodiac Room of Nei- 
man-Marcus for 9:30 am, Tuesday, 
March 15. 

At a luncheon scheduled Wednesday, 
March 16, at the Adolphus Hotel Cen- 
tury Room, a Bifano fur showing will 
be given. 

The Ladies’ Program also includes a 
trip to the Decorative Center on Thurs- 


day, March 17. 


t 
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TECHNICAL 
REPORTS 


ROSION 
PROBLEMS 


T-3A Some Corrosion Inhibitors—A Refer- 
ence List. A Report of T-3A on 
Corrosion Inhibitors. Publication 55-3. Avail- 
able only in April 1955 CORROSION at $2.00 
per copy. 
T-3B Bibliographies of Corrosion Products. 
Section One—A Report by NACE 
Technical Unit Committee T-3B on Corrosion 
ran Publication No. 57-5. Per Copy 


T-3B Bibliographies of Corrosion Products, 
Section Two—A Report of NACE 
Tech. Unit Committee T-3B on High Purity 
Water. Pub. 57-21, Per Copy $.50. 
T-3B Identification of Corrosion Prod- 
ucts on Copper and Copper Alloys. 
A report of NACE Tech. Unit Committee 
T-3B on Corrosion Products. Pub. 59-13. Per 
Copy $.50. 
T-3C Amount of Annual Purchases of 
Corrosion Resistant Materials by 
Various Industries—A Report of NACE Tech. 
Unit Comm. T-3C on Annual Losses Due to 
Corrosion. Pub. 59-8. Per copy $.50. 


T-3E Tentative Procedures for Preparing 
Tank Car Interiors for Lining. A 
Report by NACE Task Group T-3E-1 on Cor- 
rosion Control of Railroad Tank Cars. Avail- 
able only in June 1955 Corrosion at $2.00 
per copy. 
T-3F Symposium on Corrosion By High 
Purity Water: Introduction to Sym- 
posium on Corrosion by High Purity Water, 
7 John F. Eckel: Corrosion of Structural 
aterials in High Purity Water, by A. H. 
Roebuck, C. R. Breden and S. Greenberg; 
Corrosion Engineering Problems in High Pur- 
ity Water, by D. J. DePaul: The Importance 
of High Purity Water Data to Industrial Ap- 
plication, by W. Z. Friend. A Symposium 
sponsored by NACE Technical Unit Commit- 
tee T-3F on Corrosion by High Purity Water. 
Per Copy $1.50. 
T-3F Symposium on Corrosion by High 
Purity Water. Five Contributions to 
the Work of NACE Tech, Committee T-3F 
on High Purity Water. By A. A. Sugalski and 
S. L. Williams—Measurement of Corrosion 
Products in High Temperature, High Pressure 
Water Systems. By F. H. Krenz—Corrosion of 
Aluminum-Nickel Type Alloys in High Tem- 
perature Aqueous Service. By R. J, Lobsinger 
and J. M. Atwood—Corrosion of Aluminum 
In High Purity Water. By R. R. Dlesk—The 
Storage of High Purity Water. By D. E. Voyles 
and E, C. Fiss—Water Conditions for High 
Pressure Boilers. Pub. 57-22, Per Copy $1.50. 


T-3F Symposium on Corrosion by High 

Purity Water. Four Contributions 
to the Work of NACE Tech. Unit Comm. 
T-3F on High Purity Water. Pub. 58-13. Per 
copy $1.50. 

Corrosion Behavior of Zirconium-Uranium 
Alloys in High Temperature Water by W. E. 
Berry and R. S. Peoples. 

Corrosion and Water Purity Control for 
the Army Package Power Reactor by R. J. 
Clark and A. Louis Medin. 

Removal of Corrosion Products from High 
Temperature, High Purity Water Systems 
With an Axial Bed Filter by R. E. Larson and 
S. L. Williams. 

Some Relations Between Deposition and 
Corrosion Contamination in Low Make-U 
Systems for Steam Power Plants by E. 
Johnson and H. Kehmna. 

T-3G-3 Cathodic Protection of Process 

Equipment—A Report Prepared 
by NACE Task Group T-3G-3 on Cathodic 
Protection of Process Equipment. Pub. 59-9. 
Per Copy $.50. 


T-3H Some Consideration in the Econom- 

ics of Tanker Corrosion. A contri- 
bution to the work of Technical Committee 
T-3H on Tanker Corrosion by C. P. Dillon. 
Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 60c per package to 
the prices given above for Book Post Kegistry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. —_ Houston 2, Texas 
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hydrochloric acid—to 500°F, 


in any concentration, 
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-| WB CAN'T CORRODE 


=| BY FLUOROFLEX:T PIPE 


NACE 
Purity 


loys, ' ; . Lining is completely inert to all corrosives. It’s made of 
3. Per ; CY Fluoroflex-T, a high density, non-porous compound* of 
a virgin Teflon. 

Liner and housing are in thermal equilibrium through 
an exclusive process developed by Resistoflex. It com- 
pensates for thermal expansion differential between 
the Teflon and the pipe housing, eliminating fatigue 


collapse, and cracking at the flange. 


Saves $60,000 monthly at one chemical processing 
plant. Frequent piping failures cost that much in ex- 
cessive maintenance and product loss. An exhaustive 
search among all types of piping uncovered only one 
system that could handle the mixture of 25% hydro- 
chloric acid and organic solvents at 300°F and 100 psi 
without difficulty — Fluoroflex-T Type S piping. With 
over 1500 feet and 400 fittings now in service—some 
for more than 18 months—there have been no failures. 


Fluoroflex-T Type S piping systems can handle the 

toughest problems of corrosion, erosion and contami- 

dane ie i nation for you, too, with complete safety. Send for 
nina ef ; ; Bulletin TS-1A. Dept. 247, RESISTOFLEX CORPORATION, 
: : Roseland, N. J. Other Plants: Anaheim, Cal., Dallas, Tex. 


® Fluoroflez is a Resistoflez trademark, reg., U. S. pat. off. 
®@ Tefion is DuPont's trademark for TFE fluorocarbon resins 


* Pat. No. 2,752,637 
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as oo ee ee _.. the only Teflon lined pipe with 


= | oy eas proven performance record 


RESISTOFLEX 


Complete systems for corrosive service 
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LINED STEEL PIPE © FLANGED FLEXIBLE HOSE * BELLOWS * ELBOWS ° TEES * REDUCERS * DIP PIPES & SPARGERS * LAMINATED PIPE 








Refining Industry 


Session One 


Monday, March 14, 9-11:15 am 





Chairman Walter Janssen, American Oil Co., 
Texas City, Texas 
Co-Chairman F. B. Hamel, Standard Oil Com- 


pany of Ohio, Cleveland, Ohio 


Corrosion in a Large Diethanolamine Refinery 
Scrubbing System, by K. L. Moore, Tidewater 
Oil Co., Delaware City, Del. 

Describes various corrosion problems in a large DEA 
system that removes hydrogen sulfide from refinery 
fuel gas, liquid propane-propylene and desulfurizer 
re-cycle gas. Problems included localized corrosion, 
stress corrosion cracking and cavitation. Discusses 
effect of these problems on operation. Also de- 
scribes methods of controlling this corrosion. 


Solving Refinery Corrosion Problems with Alumi- 
num, by Ellis D. Verink, Jr., and Frank B. 
Murphy, Aluminum Company of America, New 
Kensington, Pa. 

Describes qualities and characteristics of aluminum 
which make it suitable for corrosion control in 
refinery atmospheres and exposures. Typical uses 
include heat exchanger tubes, tankage and equip- 
ment, general metal work, transportation equip- 
ment and petrochemical processing equipment. 


Estimating the Cost of Corrosion in Refinery Crude 
Units, by Norris J. Landis, Standard Oil Com- 
pany of Ohio, Cleveland, Ohio. 

Describes program to estimate corrosion cost on a 

refinery crude oil distillation units on a_ unit 

throughput basis. Capital, maintenance and oper- 
ating costs are considered. Results showed actual 
cost of corrosion was far less than prior estimates. 

Methods of gathering and analyzing various types 

of cost data are given and could be applicable in 

corrosion cost studies for all types of process units. 


Missi le Industry 


Session One 


Monday, March 14, 9-11:30 am 








Colo. 
Steel 


Chairman Nobel Ida., Martin Co., Denver, 
Co-Chairman Edson H. Phelps, U. 8. 
Corp., Monroeville, Pa. 


Corrosion of Materials by Fluorine and Liquid 
Oxygen, by F. W. Fink and Earl L. White, Bat- 
telle Memorial Institute, Columbus, Ohio. 

Summarizes corrosion behavior of liquid fluorine 
and liquid oxygen used as rocket propellant on con- 
struction materials. Discusses compatibility of these 
oxidizers of alloys of iron, nickel, copper, aluminum, 
magnesium, titanium and zirconium. Gives corro- 
sion rate data from published and unpublished 
sources, Also reviews compatibility of non-metals 
and organic materials. Covers effect of initiating 
rapid reactions or burning of metals and organic 
materials by compressive impact, tensile impact, 
friction, wear and other mechanisms. 


Corrosion in Rocketry, by E. J. Kinsley, Bell Air- 
craft Corp., Buffalo, N.Y. 

Describes types of corrosion experienced by use of 
various metals in direct contact with liquid rocket 
propellants. Also discusses methods of selection and 
pre-treating to combat such corrosion. Case his- 
tories are used for demonstrative purposes. Experi- 
mental procedures are given for selecting coatings 
and plastics for protecting missiles and aircraft 
against corrosion by liquid propellants. Discusses 
major factors in processing metal tanks for storage 
of inhibited red fuming nitric acid. Also gives re- 
sults of storing the acid in metallic tanks at two 
different temperatures for various periods. 


Compatibility of Materials With Unsymmetrical 
Dimethyl Hydrazine Rocket Fuel, by Paul Derr, 
Food Machinery and Chemical Corp., New York, 
N.Y., and Charles W. Raleigh, Food Machinery 
and Chemical Corp., Buffalo, N.Y. 

Summarizes laboratory tests on compatibility of 
metals, elastomers and plastics with unsymmetrical 
dimethyl hydrazine. Also gives six-year history of 
materials service in plant production. Elastomers 
and plastics which were compatible included butyl 
rubbers, Hydropol-T, Teflon, unplasticized Kel-F 
and polyethylene. 


Corrosion Detection Techniques as They Apply to 
Missiles in Silo Storage, by Leo E. Gatzek, Ramo- 
Woolridge Corp., Los Angeles, Cal. 

Detecting techniques used to protect missiles in silo 

storage must detect corrosion before any damage 
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is done to the missile and must accumulate or 
integrate total exposure to corrosive conditions ex- 
perienced by missile during weeks, monhs and even 
years that it is in storage. Diverse sources of cor- 
rosion, types of corrosion, and methods of detection 
are discussed. 





Refining Industry 


Session Two 
Monday, March 14, 2-4:30 pm 





Influence of Chromium Content on High Tempera- 
ture Sulfidic Corrosion of Chromium Steels, by 
Andrew Dravnieks and A. S. Couper, Standard 
Oil Company (Indiana), Whiting, Ind. 

Discusses use of chromium alloys to combat high 
temperature sulfidic corrosion in refining processes. 
Required chromium content for adequate corrosion 
resistance depends on quantity and chemical form of 
sulfur, temperature, pressure and particular refining 
process involved. Data from literature, laboratory 
and plant tests are correlated show effect of these 
variables on corrosion of chrome steels, Plant ex- 
perience is given to show that slight changes in 
process or chromium content have caused consider- 
able increase in corrosion rates of alloys that 
previous experience indicated to be safe. 


High Temperature Furnace Corrosion, by R. D. 
Merrick, Esso Research and Engineering Co., 
Linden, N 

Severe corrosion has occurred on external surface 

of tubes and tube supports of 25 Cr-12 Ni alloy steel 

in furnace operating at metal temperatures from 

1600 to 2100 F. Corrosion to 12-inch depth has oc- 

curred in six weeks. Furnace was operating under 

normal firing conditions with little sulfur in gas. 

Investigation shows metal loss of furnace parts was 

accelerated by contaminants fluxing the hot metal 

surfaces. 





Corrosion of Stainless Steels by Hot Hydrogen Sul- 

~~ by F. J. Bruns, Sinclair Refining Co., Harvey, 
Describes effects of welding, heat-treatment and 
composition on corrosion rates of various grades of 
stainless steel exposed to 615 F hydrogen-hydrogen 
sulfide stream in a commercial desulfurized. Study 
was made by weight loss measurements and metal- 
lographic examinations. 


Controlling Corrosion While Chemical Cleaning, by 
Charles M. Loucks, Materials and Methods, Inc., 
Westlake, Ohio. 

Discusses chemical properties of deposits to be re- 
moved and solvents commonly used. Corrosion char- 
acteristics of solvents are evaluated by exposing 
metal coupons. Undissolved deposit phases and dis- 
solved rection products in solvent phase can alter 
the corresion problem. In field applications, these 
conditions must be anticipated. 


Protective Coatings 


Session One 


Monday, March 14, 2-4:30 pm 








Chairman R. KE, Gackenbach, American Cyana- 
mid Co., New York, N. Y. 

Co-Chairman Newell B. Casdorph, 
hide Chemicals Co., Port Lavaca, 


Inorganic Zinc Coatings, by F. Parker Helms, 

Union Carbide Chemicals Co., Texas City, Texas 
Gives an non-technical discussion on inorganic zinc 
coatings and presents experience records from ex- 
tensive field work and applications. Explains that 
protection for steel in corrosive atmospheres is ob- 
tained by incorporating inorganic zinc into a chem- 
ically resistant coating system which gives consider- 
able savings because of reduced maintenance costs 
and extended service life. 


Union Car- 
Texas 


Characteristics of Coal Tar-Epoxy Resin Coatings, 
by N. T. Shideler and F. C. Whittier, Pittsburgh 
Coke and Chemical Co., Pittsburgh, Pa. 

Describes characteristics achieved with blending of 
coal tar or coal tar pitch and diepoxy resins. Chem- 
ical resistance of epoxies is reduced, but chemical 
resistance of coal tar is improved, Actual hardness, 
flexibility and underwater adhesion of the com- 
bination is better than for either of the two ele- 
ments alone. Heat sensitivity of coal tars is almost 
eliminated in the combination. Also discusses appli- 
cations for this type coating. 


Vinyl-Alkyd Type Protective Coatings, by Austin 
K. Long, Glidden Company, Cleveland, Ohio 
Gives detailed description of vinyl-alky type coat- 
ing. Also discusses many variations in formulation 
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which are possible. Gives general characteristics jn. 
cluding main advantages and limitations. Types of 
applications and usages will be covered. 


Hypalon-Based Coatings, by F. J. Ploederl, Wis. 
consin Protective Coating Co., Green Bay, Wis, 


Missile Industry 


Session Two 





Monday, March 14, 2-4:30 pm 





Some Aspects of Corrosion in Mg-Th and Aluminum | 
Alloys Used in the Titan ICBM, by J. Parmen- 
_ and R. Agricola, Martin Company, Denver, 
Colo. 

Use of magnesium-thorium and high strength cop- 

per bearing aluminum alloys in the missile industry 

created many new corrosion protection problems, 

Research programs begun in attempts to solve the 

problems included artificial and environmental ex- 

posure of stressed and unstressed 2014-T6 aluminum 
protected by various methods, artificial and en- 
vironmental exposure of fastened and unfastened 

Mg-Th alloy protected by various methods, and 

analysis of exposed material by macroscopic, micro- 

scopic and mechanical means, 


Stress Corrosion of Steels for Aircraft and Missiles, 
by E. H. Phelps and A. W. Loginow, U. S. Steel 
Corp., Monroeville, Pa. 

Results of atmospheric stress corrosion tests on al- 
loys and stainless steel for high speed aircraft and 
missiles showed that high strength alloys hardened 
by heat-treatment are susceptible under certain con- 
ditions to stress corrosion cracking. Tempe 
temperatures of 1100 F and above confers resistance 
to stress corrosion. Austenitic stainless steels hard- 
ened by cold working are not susceptible. Discusses 
microstructural characteristics of stress corrosion 
cracks in aircraft and missile steels. Results of ex- 
periments on mechanism of cracking indicate that 
stress corrosion in a 12 percent martensitic stainless 
steel heat-treated to a very high strength is result 
of corrosion along an active path in the metal 
and is not result of hydrogen induced in metal by 
corrosion, 








Problems Arising in Corrosion Tests for Sandwich 
Type Construction, by J. E. Halkias, Convair 
Division, General Dynamics Corp., Fort Worth, 
Texas 

Present problems encountered in systematic corro- 

sion test program for evaluating honeycomb sand- 

wich type construction for airframes. Merits and 
limitations of salt spray, humidity, immersion and 
alternate wetting-heating-cooling tests are discussed. 

Test specimen configurations are given in drawings. 

Also discusses plans for correlating accelerated cor- 

rosion test data with results of long-range weather- 

ing tests and service life of sandwich panels on 
airplanes. 


Kinetics of Hydrazine Decomposition, by Max S. 

Robinson, Martin Co., Denver, Colo. 
Discusses test procedure for evaluating effect of 
various materials on decomposition of hydrazine. 
Reaction was conducted in an isothermal, constant 
volume stainless steel bomb fitted with pressure and 
temperature sensing elements. Data analysis indi- 
cated decomposition reaction rate was first order. 
In stainless steel, rolled aluminum sheet and an- 
odized aluminum, first order rate constant ranged 
from 0.005 to 0.009 min. In aluminum extrusion and 
a fusion built weld, rate constant was increased to 
0.145 sec. Data indicated that hydrazine decomposi- 
tion reaction is catalytic and influenced by mate- 
rial present. 


Chemical Industry 














Chairman L. W. Gleekman, Wyandotte Chemi- 
cals Corp., Wyandotte, Mich. 

Co-Chairman Otto H. Fenner, Monsanto Chemi- 
cal Co., St. Louis, Mo. 


Intergranular Corrosion of Commercially Pure Zir- 
conium, by D. K. Priest and B. S. Payne, Pfaud- 
ler Company, Rochester, N.Y. 

Selective corrosion in a hot hydrochloric acid service 

was noted in a narrow band of the heat affected 

zone of a commercially fabricated zirconium weld- 
ment. Little attack was on the weld or parent stock. 

Selective attack has been found to be intergranular 

in nature and associated with presence of precipi- 

tated phase in grain boundaries. Microstructure re- 
quired for this attack has been duplicated in bulk 

(Continued on Page 38) 
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where a $1.05 saving 


On a 250 gallon paint order, the Plant Mainte- 
nance Department figured to save $1.05 per 
gallon by using a paint that was cheaper, and 
“just as good” as Tygon. The cheaper paint 
appeared to be doing a good job — then the 
roof fell in! 


These people learned the hard way what most 
corrosion engineers already know: the cheapest 
paint rarely gives the most economical protec- 
tion. Where proven corrosion resistance is con- 
cerned, it’s virtually impossible to find a paint 
that offers lower cost per year per square foot of 
protection than Tygon Paint. 


' Tygon Protective Coating Systems are designed 
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for practical application of specialized protection 
against a wide range of specific corrosives and 
exposure conditions. The broad Tygon line in- 
cludes vinyl-based coatings, as well as formula- 
tions based on epoxy resins. Depending upon the 
specific use for which each coating is designed, 
Tygon Paints provide more effective, longer- 
lasting protection against such corrosives as 


Tygon is a registered Trade Mark of the U. S. Stoneware Co. 


went through the roof! 





acids, alkalies, oils, water, alcohols and many 
solvents. Tygon is available for simplified, eco- 
nomical application by brush or cold spray — 
and in the Tygon “ATD” Series — by hot spray 
methods. 


Properly applied and used under the specific 
conditions for which they are recommended, 
Tygon Coatings will outlast and out-perform 
practically any other paint available today. 


Write for this free Tygon Data Book. 
It gives complete application details 
plus helpful information on resistance 
of Tygon to over 150 corrosives. 
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Chemical Industry — 
(Continued From Page 36) 


samples by specific heat treatment. Corrosion rates 
on samples and the critical heat treatment and 
microstructure for excessive corrosion have been 
determined. Two methods of preventing this lo- 
calized attack near welds have been evaluated. Also 
discusses possible mechanisms for microstructural 
changes and for the corrosion attack. 


Discussion of Corrosion Problems in a Synthetic 
Rubber Plant, by Nick Monsour, Polymer Cor- 
poration, Ltd., Sarnia, Ontario, Canada. 

Explains that many corrosive fluids such as low pres- 

sure steam and water are required in manufacture 

of synthetic rubber. Experience in control of these 
corrosive fluids is described in detail. 


Trowelable Coatings for Corrosion Protection, by J. 
H. Cogshall and Allen M. Smith, Pennsalt Chemi- 
cal Corp., Natrona, Pa. 

Discusses various coatings such as epoxies, polyesters 
and phenolics and their application as coatings for 
concrete. Also describes briefly some new possibil- 
ities such as irradiation protection, linings for pipes 
and vessels, conductive formulations and dielectric 
resistance. 


Protective Coatings 


Session Two 
Tuesday, March 15, 9-11:30 am 


Laboratory Testin 
terials, by 
Freeport, Texas. 


The How, the Why, the Cost of White Sandblasting, 
by Henry T. Rudolf, Atlantic Coating Co., Jack- 
sonville, Fla. 

Describes techniques, equipment and costs of abra- 

sive blasting. Topics discussed include optimum 

ratio of sand weight to air volume, logic of sand 
sizing and its bearing on efficiency of operation, how 
and why sandblasting cleans, how to sandblast and 
relative costs of blasting different types of surfaces. 


of Spray Applied Lining Ma- 
Foster, Dow Chemical Co., 


Mastics, by F. M. Kennedy, Jr., Palladium Mastic 
Corporation of America, Rutherford, N. J. 


Application Tolerance of Protective Coatings, by M. 
L. Monack, J. R. Allen and F. W, Thompson, E. 
: = Pont de Nemours & Co., Inc., Wilmington, 

el. 

Describes a study made to determine quantitatively 
the ability of coatings to be applied easily in a film 
of good integrity. Also describes equipment used for 
this measurement and presents results obtained on 
several commonly used coatings. Explains that good 
film-build and low viscosity as deposited are two 
keys to good application. Good film-build does not 
guarantee good film continuity, but good tolerance 
is almost impossible without it. 


Oil and Gas Production 


Tuesday, March 15, 9-11:30 am 


Chairman W, C. Koger, Cities Service Oil Co., 
Sartlesville, Okla. 

Co-Chairman J. A. Caldwell, 
Refining Co., Houston, Texas 


Humble Oil & 


Corrosion Problems in the Use of Dense Salt Solu- 
tions as Packer Fluids, by C. M. Hudgins, J. E. 
Landers and W. D. Greathouse, Continental Oil 
Co., Ponca City, Okla. 

Describes corrosion problems arising from use of 

dense salt solutions as packer fluids, Study given of 

corrosion characteristics of variety of systems ca- 
pable of densities greater than 10 pounds per gallon. 

Test coupons and tubing segments of several mate- 

rials were used. Salts studied included NaNO,, 

CaCle, CA(NOs)2, NaCl, ZnChk, NaNOz — CaCl, 

Ca(NO,)z2— CaCl: and CaCle — ZnCle. 


Stress Corrosion Cracking in Concentrated Sodium 
Nitrate Solutions, by R. L. McGlasson, W. D. 
Greathouse and C. M. Hudgins, Continental Oil 
Co., Ponca City, Okla. 

Discusses problem of stress corrosion cracking in 

oil country tubing exposed to concentrated sodium 

nitrate solutions used for completion fluids. De- 
scribes laboratory tests using a notched C-ring 
stressed with a cadmium plated, mild steel bolt. 

Variety of conditions were also used. Most tests 

were made on API tubing steels, but results are 


rr applicable to variety of low alloy AISI 
steels. 


Cathodic Polarization of Steel in Various Environ- 
ments, by Al Erben and R. A, Legault, Sun Oil 
Co., Dallas, Texas 

Gives results of altering various experimental con- 
ditions on effectiveness of cathodically protecting 
steel in salt water systems. Study was designed to 
facilitate a more efficient application of cathodic 
protection to salt water heeding vessels used in the 
oil producing industry. 


Stress Corrosion Cracking of High Strength Tubular 
Goods, by R. S. Ladley, Phillips Petroleum Co., 
Bartlesville, Okla. 

Describes stress corrosion cracking of N-80 and AISI 

4340 tubing and N-80 and P-110 casing. Status of 

the cracking problem is discussed with respect to 

control measures available and what is needed in 
the future to use high strength tubular products in 
oil and gas well environments. 


Anhydrous Ammonia Controls Vapor Space Corro- 
sion in Unpacked Flowing Wells, by Rado Lon- 
caric, D. kK. Anthony, Fair Colvin and M. D. 
Folzenlogen, Atlantic Refining Co., Dallas, Texas 

Cites field experience to show that anhydrous am- 

monia is effective, practical and economical in 

inhibition of vapor space casing corrosion of un- 
acked flowing oil wells in the West Texas-New 
asics area, Tests indicate that residual ammonia 
is present in sufficient concentrations to control 
vapor space corrosion to depths below 4000 feet. 

No casing leaks have developed in the most corro- 

sive fields since the start of the inhibition program. 

Average cost per well per year was less than $50. 


Corrosion Principles 


Wednesday, March 16, 8:30-11 am 


Chairman W. S., Quimby, Texaco, Inc., Beacon 
mM. ws 

Co-Chairman C. P. Dillon, Union 
Chemicals Co., Charleston, W. Va. 


Carbide 


Mixed Potential Theory of Metal Dissolution in 
Aqueous Acid Solutions, by A. C. Makrides, 
Union Carbide Metals Co., Niagara Falls, N.Y. 

Discusses prediction of whether a substance is a 

good inhibitor for a particular metal in a specified 

environment if relevant electrochemical parameters 
are known. Study of inhibition by ferric sulfate on 
iron-chromium alloys showed that critical ferric ion 
concentration needed for protection could be _pre- 
dicted from critical current density required for 
passivity and from a_ knowledge of rate of mass 
transfer to metal-solution interface. Inference taken 
from results that adsorption of ferric ion, if any, 
was of little importance in mechanism of inhibition. 


Discussion of the Possible Role of Autoreduction in 
Passivation of Iron, by E. E. Nelson, Socony Mo- 
bil Oil Co., Inc., Brooklyn, N.Y. 

Reviews literature to show that iron as an anode 
can reduce ferric oxide in solution of pH to about 
8.0 in what is called autoreduction reaction. Reduc- 
tion is not affected by presence or absence of dis- 
solved oxygen. Cites experimental and theoretical 
evidence. If ferric oxide film is assumed to be cause 
of passivation of iron, autoreduction is shown to be 
of paramount importance. Iron anode potential de- 
termines if ferric oxide film will be protective or 
not. Supposition is shown to give explanation of 
inhibitor action such as sodium nitrite and chro- 
mate. 


Threshold Values on Factors Contributing to Stress 
Corrosion Cracking, by Henry Suss, General Elec- 
tric Co., Schenectady, N. Y. 

Reviews factors affecting stress corrosion cracking 
tendencies such as concentration of corrosive con- 
stituents, applied stresses, inclusions, residual and 
thermal stresses, metallurgicai structure and notches 
or other surface defects. Results indicate impracti- 
cality of establishing threshold values. If material 
susceptible to stress corrosion cracking must be 
used, corrosion attack or surface tensile stresses 
must be eliminated. This can be done by design, use 
of protective layer or inhibitors and/or by substitu- 
tion of compressive layer on surface of metal to 
counteract tensile stresses. 


Concentration Cells and Aqueous Corrosion, by E. 
Schaschl and G. A. Marsh, Pure Oil Co., Crystal 
Lake, Ill. 

Describes improved technique for continuous re- 
cording of maximum current output of concentra- 
tion cells and for obtaining corrosion rates of cell 
electrodes over short periods. Generally, where a 
dissolved oxygen concentration cell competes with 
another, the dissolved oxygen cell takes precedence 
and is the current determining cell, Rust film on 
steel increases activity of local or physically sepa- 
rated dissolved oxygen cells. Cell action can be 
calculated by an equation developed from Fick’s law 
of diffusion. 


ea 


Elevated Temperature 


Session One 
Wednesday, March 16, 8:30-11 am 


Chairman D. W. McDowell, Jr., International © 


Nickel Co., Inc., New York, N. Y. 
Co-Chairman David Roller, Magna 
Inc., Santa Fe Springs, Cal. 


Products 


Corrosion Resistance of Dense, Impermeable Silicon 
Carbide, by Roy Dial, Carborundum Co., Niagara 
Falls, N.Y. 

Discusses preparation, properties and corrosion re- 

sistance of dense, impermeable silicon carbide. Pre- 


sents data from static corrosion tests made at tem. § 


peratures to 1000 C in gases, molten metals, fused 
salts, acids and bases. This material is being used 
in missile, atomic reactor and industrial appli- 
cations. 


High Temperature Corrosion in Refinery Services, 


by E. N. Skinner, J. F. Mason and J. J. Moran, | 


International Nickel Co., Inc., New York, N.Y. 
Discusses corrosion phenomena likely to influence 
selection of materials for refinery service at elevated 
temperatures. Also discusses problems of oxidation, 
sulfidation and carburization and considers effects of 
condensate corrosion and residual oil ash corrosion, 
Explains the effect of alloying elements on physical 
and mechanical behavior of alloys and on their cor- 
rosion resistance at high temperatures. Outlines 
basic considerations for selection of suitable alloys 
for high temperature corrosive environments. 


High Temperature Corrosion Behavior of Alloys 
Used in the Heat Treating Field, by George W. 
Wardwell, Rolock Inc., Fairfield, Conn. 

Explains that in heat treating work, metals can be 
subjected to attack by oxidation, sulfidation, flux 
attack, silicon carbide dilution, molten solt cor- 
rosion, nitrogen attack and carbon attack. Dis- 
cusses proper selection of alloys and other steps that 
can be taken to control these attacks. 


High Temperature Lubrication in Reactive Atmos- 
pheres, by Robert L. Johnson, Max A. Swikert 
and Donald H. Buckley, National Aeronautics 
and Space Administration’s Lewis Research Cen- 
ter, Cleveland, Ohio. 

Explains that lubrication of metals at high tem- 

peratures is dependent on direct chemical reactions 

which can develop into corrosive wear, limiting use- 
fulness of a lubrication process. Thus, under such 
conditions, lubrication can be considered controlled 
corrosion. Friction and wear data are given for 
various atmospheres, reactive lubricants and lubri- 

cated metals at temperatures from 75 to 1400 F. 

Presents examples showing importance of normal 

oxide films, inadequate surface reactions and ex- 

cessive surface reactions (corrosive wear). 


Internal Carburization and Oxidation of Nickel- 
Chromium Alloys in Carbon Monoxide, by B. E. 
Hopkinson and H. R. Copson, International 
Nickel Co., Inc., Bayonne, N.J. 

Rate of internal carburization and oxidation attains 
a maximum at 1500 to 1750 F. Attack was slight at 
1330 and 1830 F. Presence of carbon dioxide, water 
vapor and hydrogen in carbon monoxide did not 
significantly affect rate of penetration. Modified 
alloys resisted carburization and oxidation in all 
~ ae tested. Discusses mechanisms in- 
volved. 


a Inhibitors 


Session One 


Wednesday, March 16, 8:30-11 am 


Chairman A. J. Freedman, National Aluminate 
Corp., Chicago, Ill. 

Co-Chairman Donald L. Burns, Gulf Oil Co. 
Port Arthur, Texas 


Contribution to Understanding of Corrosion In- 
hibition Through Experiments With Metallic 
Cations, by. W. Roger Buck, III, and Henry 
Leidheiser, Jr., Virginia Institute for Scientific 
Research, Richmond, Va. 4 

Explains that dissolved metals are excellent inhibi- 

tors for corrosion of other metals in acids under 

some conditions. Presents examples of inhibition of 
the anodic reaction. Inhibition of cathodic reaction 
is observed less often and only to a limited degree. 

Presents a mechanism for inhibiton of anodic re- 

action, based on present concept of a metal surface. 


(Continued on Page 40) 
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Inhibitors — 


(Continued From Page 38) 


Structural Effects of Organic N-Containing or S- 
Containing Compounds cn Inhibiton of Corrosion 
by Acids, by No:man Hackerman, University of 
Texas, Austin, Texas, Ray M. Hurd, and Robert 
R. Annand, Texas Research Associates Corp., 
Austin, Texas. 

Presents some early results of research on possible 
correlation between molecular structure of certain 
organic compound types and their inhibiting effi- 
ciency. Compounds were two analogous series: one 
containing nitrogen, the other sulfur. Inhibiting 
inefficiencies were measured by standard weight 
loss measurements on steel coupons. Corrosive 
media wore neutral brine and hot concentrated 
acids. Results indicate definite correlation which 
may be used in further research toward a more 
efficient inhibitor molecule. 





Laboratory Investigation of Water Side Scale and 
Corrosion in Presence of High Process Side 
Temperatures, by Herman Kerst, Dearborn 
Chemical Co., Chicago, III. 

Testing methods have been developed to determine 
scale deposition and corrosion on water side of heat 
exchange equipment in contact with high process 
side temperatures, Equipment is described and 
quantitative data given on effect of various types 
of scale and corrosion inhibitors. 


Cooling Water Inhibitor Performance—Film For- 
mation vs Film Maintenance, by P. R. Puckorius 
— W. J. Ryzner, Nalco Chemical Co., Chicago, 

Discusses principle of film formation and mainte- 
nance by corrosion inhibitors in cooling water 
systems. Explains main function of continuous appli- 
cation of inhibitor to be for repair and replenish- 
ment of the film, Discusses method of applying this 
principle of rapid film formation. 


Chemical Industry 


Session Two 
Wednesday, March 16, 2-4:30 pm 





Compositional Effects in Corrosion of Type 347 and 
Type 316 Stainless Steel in Chemical Environ- 
ments, by C. P, Dillon, Union Carbide Chemicals 
Co., Charleston, W. Va. 

Statistical analyses by graphical technique indicates 

that resistance of Type 347 stainless steel to the 

Huey Test (boiling 65 percent nitric acid) can be 

increased by more stringent control of compositional 

limits. Similar analysis of chromium-nickel-moly- 
bdenum grades indicates that influence of specific 
constituents varies with environment. Performance 
in qualification tests of annealed materials or of 
sensitized extra low carbon material cannot predict 
general corrosion resistance in other environments. 

In those few isolated cases where compositional 

effects override process variables, optimum com- 

position is unpredictable and must be determined 
empirically. 

Chemical Plant Corrosicn Control, by John L. 
Weis, Diamond Alkali Co., Pasadena, Texas. 
Discusses advantages of preventive actions over cor- 
rective measures in light of practical corrosion 
control for a new chemical plant. Also discusses 
design considerations and gives several case_his- 

tories of some unusual corrosion problems. 

Improved Nickel-Base Alloys for Hot Sulfuric Acid 
Service, by Walter K. Boyd and M. E. Langston, 
Battelle Memorial Institute, Columbus, Ohio, 
and T. E. Johnson, Stainless Foundry and Engi- 
neering Co., Milwaukee, Wis. 

In-Place Cleaning and Coating of Chemical Plant 
Piping, by William T. Theis, Internal Pipeline 
Maintenance Co., Odessa, Texas 

Explains development of in-place cleaning and coat- 

ing of chemical plant piping was developed from 

methods for oil and gas field equipment. Includes 

discussion of cleaning and coating methods with a 

procedure for suitable coating selection. Gives ex- 

amples of in-place applied linings to reduce internal 
corrosion, to eliminate product contamination and 
to increase pipeline through-put. 





Houston 2, Texas. 


CORKOSION— 


@ Look for additions and changes in the 1960 Annual Con- 
ference Technical Program which will be published in the 
February issue of CORROSION. 


@ Hotel registration cards and copies of the advance pro- 
gram for the Dallas Conference will be mailed this month 
to NACE members and domestic subscribers of COR- 
ROSION. Other persons interested in having this material 
should write to NACE Central Offices, 1061 M & M Bldg., 
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Chairman W. L. Mathay, U. S, Steel 
Monroeville, Pa. 

Co-Chairman Jerome M. 
Inc., Verona, Pa. 

Corrosivity of Various Atmospheric Test Sites as 
Measured by Specimens of Steel and Zinc, by 
C. P. Larrabee, U. S. Steel Corp., Monroev'lle, 
Pa., and O. B. Eliis, Armco Steel Corp., Middle- 
town, Ohio. ; 

Quantitative measurements by ASTM’s Committee 

B-3 showed that one-year exposures in different 

North American atmospheres varied in_corrosvity 

as much as 2000 times on steel and 80 times on 

zinc. At some sites, corrosivity toward steel varied 

100 percent from one year to the next Eight-year 

data are presented from 19 test sites scattered from 

coast to coast and from Florida to near the Arctic 

Circle. 

Corrosion of Metals in Tropical Environments— 
Part 4: Wrought Iron, by C. R. Southwell, B. W. 
Forgeson and A. L. Alexander, U. S. Naval Re- 
search Laboratory, Washington, D. C. , 

Discusses corrosion of Aston process wrought iron 

exposed to five natural environments in the tropics. 

Results indicate that corrosion (measured by weight 

loss) in fresh water is about equal to that at mean 

tide and that corrosion is greatest during con- 
tinuous immersion in sea water. Millscale on 
wrought iron accelerates pitting most severely on 
metal immersed continuously in the sea although to 

a lesser degree than structural steel similarly ex- 

posed. During early exposure, corrosion rates of 

wrought iron and mild steel in tropical water are 
about the same, but after eight years steel shows 

a greater weight loss. Also discusses corrosion of 

metallic couples of wrought iron and carbon steel 

in fresh water and sea water. 


Development of Thin Metal Film Corrosion Indi- 
cators, by Gilson H. Rohrback and David Roller, 
Magna Products, Inc., Santa Fe Springs, Cal. 

Reviews progress on development and use of visual 
and electrical thin metal film integrating corrosion 
detectors and indicators. Gives data on behavior of 
the indicators in corrosive atmospheres. Possible 
applications are described in addition to use to de- 
tect corrosion in packages and storage areas. 


Aluminum Alloys for Handling and Storage of 
Petrochemicals, by E. H. Cook, Jr., R. L. Horst 
and W. W. Binger, Aluminum Company of 
America, New Kensington, Pa. 

Describes evolution of laboratory studies into 
commercial applications for aluminum alloys | in 
chemical and petrochemical industries. Attention 
is given to study of alloys handling 83 percent 
ammonium nitrate solutions at elevated temper- 
atures. Includes discussion of aluminum applications 
in production and handling of aliphatic acids, sour 
crude oil, ammonia, amines, acrylonitrile, hydrogen 
cyanide, hydrogen peroxide, fuming nitric acid, 
phenol, liquids at cryogenic temperatures and high 
purity water. Explains that aluminum is often se- 
lected for protection of product purity, light weight 
and absence of catalytic action in addition to 
corrosion resistance. 


Erosion-Corrosion Testing of Metals, by Robert L. 
Hadley and Harold J. Smith, General Electric 
Co., Louisville, Kentucky. 

Work described was prompted by need for useful 
data relating combined effects of abrasion and 
corrosion on metals considered for product appli- 
cation. Lab device was developed to control 
temperature, corrosive medium and abrasion rate. 
Specimens were exposed for 100-hour periods to 
combined action of a solution and tumbling abra- 
sives. Quantitative measurements were made of 
weight loss per unit of exposed area, changes in radii 
and frequency and depth of pitting. Such factors as 
effects of abrasion, corrosion, temperature, hard- 
ness, composition and microstructure were evalu- 
ated on comparative basis. Materials tested in- 
cluded several ferritic, martensitic, austenitic and 
precipitation hardening stainless steels. Results indi- 
cate need for proper balance between wear and 
corrosion resistance in materials considered for 
specific product design. 


orp., 


Bialosky, Koppers Co., 
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Cathodic Protection 


Wednesday, March 16, 2-4:30 pm 





Chairman H. C. 
Coke Co., Chicago, Ill. 

Co-Chairman O, W, Everett, Oklahoma Natural 
Gas Co., Tulsa, Okla. 


Boone, Peoples Gas Light and 


Packaged Cathodic Protection of the 1600-Mile Tape 
Coated Pipe Line to Florida, by E. P. Doremus 
and Ralph B. Pass, Cathodic Protection Service, 
Houston, Texas. 

Discusses unusual problems encountered in design 

and installation of a cathodic protection system for 

the 1600-mile big inch pipe line system from Baton 

Rouge, La., to Miami, Fla. Presents coating re- 

sistance data on this first major all polyethylene tape 

coated pipe line taken immediately after laying and 
after application of cathodic protection. 


Problems Encountered in Cathodically Protecting 
Pipe Lines Crossing Railroads, by F. L. Chatten, 
Pennsylvania Railroad Co., Philadelphia, Pa. 

Reviews relationship of track circuits to railroad 
signal systems, their construction and basic require- 
ments to conform to Interstate Commerce Com- 
mission rules. Explains need for freedom from out- 
side influences. Also discusses testing methods to 
detect interference with track circuits and corrective 
measures which can be used. Case histories of inter- 
ference are given. 


Cathodic Protection in Desert Soils, by W. C. R. 

Whalley, Iraq Petroleum Co., London, England, 
Discusses problems of protecting pipe lines in North- 
ern Iraq and Syria where desert conditions make 
cathodic protection more difficult than in moist 
ground, Explains that potentials are erratic and 
variations are encountered of —0.5 volts within a 
few feet. 


Use of Impressed Current Anodes in Cathodic Pro 
tection of Pipe Lines by W. P. Noser, Humble 
Pipe Line Company, Houston, Texas. 

Presents views of a pipeline company on operation 

of various types of impressed current anode systems. 


Protection of Corrosion Equipment From Damage 
by Transient Currents, by L. L. Swan, Illinois 
Bell Telephone Company, Chicago, III. 

Discusses nature of switching and fault current 

transients, how they affect corrosion protection 

equipment and some successful methods for redue- 
ing equipment failure by these currents, 


A Cable Company’s Use of Impressed Anodes, by 
T. J. Maitland, American Telephone and Tele- 
graph Co., New York, N. Y. 





Plastics 


Session One 


Thursday, March 17, 9-11:30 am 





Chairman J. B. Kittredge. Minnesota 
& Manufacturing Co., St. Paul. Minn. 

Co-Chairman John Delmonte, Furane 
Inc., Los Angeles, Cal, 


Mining 


Plastics, 


Effect on Various Curing Agents on the Corrosion 
Resistance of Epoxy Resins, by Ronald L. De- 
Hoff, Shell Chemical Corp. 

Deals with testing of some commonly used epoxy 

resin curing agent systems in various corrosive en- 

vironments. Criteria for performance _ includes 
dimensional stability and flexural strength. 


An Accelerated Test Procedure for Evaluaticn of 
Fiber Reinforced Resin Equipment in the Chemi- 
cal Industry, by Otto i. Fenner, Monsanto 
Chemical Co., St. Louis, Mo. 

Describes a procedure for evaluation of fiber rein- 
forced resin as materials of construction for equip- 
ment in the chemical industry. System is based on 
interpretation of information obtained through 
comparison of percentage weights and flexural 
strength change curves plotted from laboratory and 
field exposures of multiple test coupons. A rating 
system is given which permits relatively precise 
prediction of long range performance of each fiber 
reinforced resin material. 


Thermoplastics for Chemical Process Equipment, 
by arvey E. Atkinson, E. I. du 
Nemours & Co., Wilmington, Del. ft 

Failure to obtain successful use of thermoplastics 

for corrosion control is because of lack of adequate 


(Continued on Page 42) 
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Putting in Richfield Oil’s Mandalay Line was as mean 
a job as we’ve ever seen. 

The line runs from sea level to points up to 8,300 
feet in the mountains of Southern California, with 
grades over 40%. In places the trench was blasted out 
of solid rock. It took rugged crews to put the line in 
and a rugged tape to protect it. 

On the recent big Florida Line and other lines in 
America, on lines in Canada and in Iran, Polyken has 
proven itself the most practical and economical pro- 
tection you can put on a pipe. 





Polyken Tapes can be applied swiftly, eas- 
ily, effectively, even under extreme condi- 
tions. This mountain-country coating went 
on with flat-country simplicity. That’s why 
more contractors and pipeline managers 
are specifying Polyken. 


16TH 


need mountain climbers, 
ynamite and the world’s 


"New Mandalay line protected by Polyken Extra-Strength #960 
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Polyken tape pays off in performance—and in the 
currency of less men, less equipment, greater efficiency, 
more footage per day during construction. With ten- 
sioned-spindle equipment, pipe is cleaned, wrapped 
and over wrapped in one factory-smooth operation. 
Tape’s ready. No primer, no drying or cooling, no 
fumes or fire hazard—none of those hot-dope problems. 

Before you plan your next job, we’d like to tell you 
more about Polyken Extra-Strength #960. Call the 
Polyken distributor nearest you, or write Polyken, 309 
West Jackson Blvd., Chicago 6, Illinois. 


Poluken 


EXPERIENCED IN PROTECTIVE COATINGS 


THE KENDALL company 


Polyken Sales Division 


< 


-Plastics — 


(Continued From Page 40) 


specification by the use and overzealous claims of 
the supplier who is probably unfamiliar with 
chemical process conditions, Discusses necessity for 
and methods of evaluating thermoplastics to de- 
termine suitability and specification requirements. 
Also covers preparation and use of specifications. 
Specific examples are given as examples. 


Effects of Fabricating Technique on the Physical 
Properties of Polytetrafluorethylene and Mono- 
clorotrifluorethylene for Corrosion and Service, 
by Victor G. Reiling, Modern Industrial Plas- 
tics, Inc., Dayton, Ohio. 

Explains that methods and conditions of fabricating 
are important for proper functioning and service 
life of fluorocarbon materials. Also explains the 
usual processes of fabrication. Also gives advan- 
tages and limitations of different end-product 
methods, their effects on thermal and mechanical 
performance, methods of application for optimum 
service and recent developments in the art of 
fabricating-application to corrosion prevention. 


Flevated Temperature 


Session Two 
Thursday, March 17, 9-11 








0 am 





High Temperature Corrosion Protection With Spray 
Metallized Coatings, by Harvey S. Miller, New 
England Hard Facing Co., Brookline, Mass. _ 

Reviews methods of spraying metals from a solid 

state either in wire or powder form. Relates various 

methods of protecting materials such as plastics and 
non-ferrous and ferrous metals for use at tempera- 
tures above their melting point for short periods or 
above their rapid oxidation temperature for long 
periods. Temperatures discussed range from 600 to 

4500 F. Brief discussion is given on the new plasma 

torches which have hot gas temperatures of 30,000 

F, making possible the use of more exotic metals 

for coatings. Also will include use of sealers for 

porosity of sprayed metal coatings and post heat 
treatment or sintering with and without sealers. 

Specific examples will be used to illustrate the use 

of each type coating discussed. 


Ceramic Coatings for High Temperature Service, 
by S. W. Bradstreet, Armour Research Foun. 
dation, Chicago, II. 

Reviews principles which dominate attachment of a 
ceramic coating to variety of substrates for serv- 
ice in extreme thermal environments. Also discus- 
ses deficiencies and advantages of different combi- 
nations. Principles for tailoring protective coatings 
for refractory metals are suggested. Flame sprayed 
ceramic coating of potential value as a combustion 
catalyst is used to illustrate these principles. 


Materials Problems Associated With Uncooled 
Rocket Nozzles, by Jesse D. Walton and C. R. 
Mason, Jr., Georgia Institute of Technology, At- 
lanta, Ga. 

Brief discussion is given of thermal shock, erosion 

and catastrophic corrosion problems connected with 

uncooled rocket nozzles used with solid fuels. De- 
scribes materials and methods used to solve these 
problems in research at Georgia Tech. This ap- 
proach is to use slip cast fused silica as a base 
material and to provide erosion and corrosion re- 
sistance in throat area with are sprayed coating or 
shells. Nozzle fabrication techniques also are given. 
Testing and forming methods and test results are 


given. 


Ablation Behavior of Materials Subjected to Missile 
Re-Entry Heat Flux Rates, by R. M. Krupka and 
= E. Taylor, University of Chicago, Chicago, 

Extremely high heat flux rates during re-entry of 
hypersonic vehicles have been simulated with the 
plasma discharge from high intensity, air stabilized 
electric arcs of approximately 1000-kw power rating. 
Describes behavior of samples of ten different ma- 
terials tested, including four metals, three ceramics. 
two plastics and graphite. Gives ablation rates, heat 
balances and effective heats of ablation. In highest 
temperature test environment used, plastic and 
graphite samples had lower stagnation point weight 
loss rates during ablation than metal and ceramic 
samples, 


High Temperature Evaluation of Thermal Pro- 
tective Systems, by D. W. Gates, U. S. Army 
Ballistic Missile Agency, Redstone Arsenal, Ala. 

Discusses methods and characteristics of heat 
absorption and some of the related material prop- 
erties in missiles. Outlines requirements for design 
of materials as concerns some combinations of 
properties. System of correlation of various heat 
flux input used in testing is presentd with general 
descriptions of methods of heat protection. Describes 
problems in testing in which many factors to be 
evaluated are partially unknown or impossible to 
duplicate in the laboratory. Problem was to obtain 
data which will be a result of more severe testing 
than the material is likely to encounter. 
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Plastics 


Session Two 
Thursday, March 17, 2-4:30 pm 





The Why and How of ASTM Committee D-20 on 
Plastics, by R. M. Berg, Union Carbide Chemi- 
cals Co., South Charleston, W. Va. 

Describes activities of the ASTM Committee D-20 
on Plastics. Explains that producers and consumers 
are represented. Current specifications and meth- 
ods work include several plastics of probable inter- 
est to corrosion engineers and personnel involved 
in corrosion control work. 


A Decade of Experience With Plastic Structures 
and Corrosive Environments, by Joseph L. 
Nuscher, Kaykor Industries, Inc., Wardville, 


Plastics From the Equipment Manufacturing Stand- 
point, by R. McFarland, Hills-McCanna Co., 
Chicago, Ill. 

Gives resume of raw material suppliers’ manufac- 

turing problems encountered in application of 


corrosion resistant plastics to equipment. 

Chemical Resistance of Plastics as Influenced by 
Thermal Stability, by William Dewar and John 
Delmonte, Furane Plastics, Inc., Los Angeles, 
Cal. 








Pipe Line General 


Thursday, March 17, 2-4:30 pm 





Chairman George M. Jeffares. Plantation Pipe 
Line Co., Atlanta, Ga. 
Co-Chairman C. L. Goodwin, Portland Pipe- 


line Corp., Portland, Maine 


Protection of New Gas Lines Bringing Natural Gas 
to Florida, by Joseph S. Frink, Houston Corp., 
Miami, Fla. 

Soil Bacteria in Relation to Cathodic Protection, 
by John O. Harris, Kansas State University, 
Manhattan, Kan. 


Describes project designed to learn whether soil 
micro-organisms could alter the insulating value of 
coatings used on pipe lines. Findings indicate that 
many types of bacteria can grow on straight-chain 
hydrocarbons. Field studies show that pipeline ditch 
furnishes favorable environment for microbial devel- 
opment, Discusses significance of these data in re- 
lation to cathodic protection of pipe lines. 


Report on Progress of NACE Technical Group 
Committee T-2 Task Group on Minimum Re- 
quirements for Protection of Buried Steel Pipe 
Lines, by W. H. Stewart, Sun Pipe Line Co., 
Beaumont, Texas 

Gives report on progress of NACE’s T-2 Task 

Group on Minimum Requirements for Protection of 

Buried Steel Pipe Lines. Requirements were es- 

tablished as a base from which further design or 

improvements could be made. Emphasizes that 

“minimum requirements’? as given in report are 

not ‘‘standards or specifications.’? When completed. 

task group report will include requirements on as- 
phalt coatings, coal tar coatings, shields, wrappers 
and cathodic protection. 


Corrosion Takes Toll on 28-Year-Old Transmission 
Main, by John Van Bladeren, Northwest Natural 
Gas Co., Portland, Ore. 

Transmission line installed in 1930 through fairly 
corrosive soils without coating protection had a 
total loss of over 30 percent of total length. Re- 
placements lengths were installed with coatings to 
reduce amount of protection required from the 
cathodic protection system used on the pipe after 
it was repaired. 


Resistance of Aluminum Alloys to Underground 
Corrosion, by D. O. Sprowls and M. E. Carlisle, 
Jr., Aluminum Company of America, New Ken- 
sington, Pa. 

Summarizes field test data and service experience 

on aluminum used in underground applications. 

Discusses effect of variations in soil composition and 

the relative performance of different alloys. Con- 

siders cathodic protection, protective coatings, stray 
currents and galvanic effects. Experince with sev- 
eral aluminum pipe lines is given. 
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High Purity Water 


Thursday, March 17, 2-4:30 pm 






Chairman B. G. Schultz, Westinghouse Electric 
Co., Pittsburgh, Pa. 

Co-Chairman W. K. Boyd, 
Institute, Columbus, Ohio. 






3attelle Memoria} 






Aluminum Alloys for Handling High Temperature 
Water, by M. H. Brown, R. H. Brown and 
W. W. Binger, Aluminum Company of America, 
New Kensington, Pa. 

Aluminum alloys with good corrosion resistance 
to high temperature water in static tests were ob. 
tained by additions of alloying elements such a @ 
iron, nickel, cobalt, rhodium or copper. Minor ele. § 
ments play an important role in the aluminum. f 
nickel-iron alloys and should be controlled to ob. § 
tain best corrosion performance. Aluminum powder 
metallurgy products containing additions of iron 
and nickel also appear promising for corrosion re. 
sistance and have advantage of higher strength at 
elevated temperatures than wrought alloys of com. 
parable composition. 














Corrosion of Carbon and Low Alloy Steels in 
Out-of-Pile Boiling Water Reactor Environment, 
by D. C. Vreeland, U. S. Steel Corp., Monroe. 
ville, Pa., G. G. Gaul and W, L. Pearl, General 
Electric Co., Vallecitos Atomic Laboratory, San 
Jose, Cal. 

Gives results of corrosion tests on carbon and 

low alloy steels in a dynamic test loop simulating 

various environments in nuclear boiling water re- 
actor system. Quantitative data and metallographic 
and visual observations of specimens tested in satu- 
rated steam, saturated water and a steam-water 
mixture at 545 F and 1000 psi are given. Also de- 
scribes test facilities and operating procedures. 

Lists total corrosion a corrosion product to 
system, Reviews special corrosion studies on carbon 
steel in water with variable hydrogen and oxygen | 
contents. Outlines future work to prove feasibility 
of carbon and low alloy steels for these reactor 
systems. 














Use of Neutron Activated Specimens for Study of © 
Corrosion Product Release Rates, by G. P. Simon, 
Westinghouse Electric Corp., Bettis Atomic Power | 
Laboratory, Pittsburgh, Pa, 

Describes a once-through system for quantitative 

evaluation of transient corrosion product release 

rates of various materials of construction. System 
was designed to operate at fluid velocity of about 

4.0 fps and 500 F in the test section. Runs have |) 

been conducted for periods to 750 hours. Presents 

operating data for runs made with 304 stainless 

steel and Inconel in contact with water at pH 10.0 

to 10.5 using LiCH for pH control. Observed 

radiochemical data is given and used to calculate 
corrosion product release rates for the materials, 













Inhibitors 


x 

H 

Session Two E 

Thursday, March 17, 2—4:30 pm k 
sso | 

Passivation of Metals and Alloys by Oxidizing In i 





hibitors, by A. C. Makrides, Union Carbide ) 
Metals Co., Niagara Falls, N.Y. i 


° a 
Describes metal and alloy passivation by oxidizing | 
inhibitors in terms of relevant electrochemical 
—— subject to independent measurement. '7 
Most important of these are primary passive po / 
tential and corresponding critical current density” 
for metal to be protected. For the inhibitor, the | 
reversible potential, exchange current density and | 
Tafel slope are important. Es 
Study of passivation of several metals and alloy: § 
by ferric ion in sulfuric acid solutions gave a direct 7 
quantitative correlation between these parameters. | 
Systems studied showed that adsorption of ferric (~ 
ion, if any, played no role in mechanism of in| 
hibition. 





Inhibition of Corrosion of Commercial Aluminum 
in Alkaline Solutions, by J. Sundararajan and T. |— 
L. Rama Char, Indian Institute of Science, Bang: — 
alore, India. & 

Corrosion rates for aluminum (4 percent manganest [ 

and 3 percent ion) were determined in sodium hy: "” 

droxide solutions under different conditions. In ~ 
hibitor efficiencies were calculated for agar-agar, 
gum-acaciae, dextrin, gelatin and glue, Efficiency |” 
decreased from 90 to 60 percent in the order listed. |” 

Studies of cathodic and anodic polarization show 

that metal dissolution is electrochemical in char: 

acter. Corrosion appears to be under mixed control 
with predominance of action of dextrin inhibitor oD 
anodic areas of the metallic surface. 


(Continued on Page 44) 
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ssive po 

t density © 

sity any Corrosion engineers of a large oil company form on the sea bottom with the first anode 

nd allow | decided to use impressed current cathodic pro- approximately 200 feet from the platform 

ameter. b tection on the underwater foundation of an base. The anode strings are held in place by 

n of im F offshore drilling rig. 12”x12”x16” concrete anchor blocks at the end 
i Six strings of 10 “National” NA Graphite of each string. 

wd} Type QA Anodes* were used to provide a dis- “National” NA Graphite Anodes were selected 

re tributed anode bed. They were assembled on because of proved long anode life (akout 0.1 

mats, 1/0 CP. cable at fifteen foot spacings. Anode lbs./amp. year consumption in free moving salt 

ons. I strings were placed radially around the plat- water) and low initial cost. 


ifficiency 
er listed. He *Anodes were sold by The Vanode Company, Pasadena, California 


on show!) 

in char V3 

1 control | , ; ’ : 
ibitor on Ie aera “National’”’, “‘N’’ and Shield Device, and ‘‘Union Carbide’’ are registered trade-marks of Union Carbide Corporation 





NATIONAL CARBON COMPANY - Division of Union Carbide Corporation * 30 East 42nd Street, New York 17,N. Y. 
OFFICES: Birmingham, Chicago, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * CANADA: Union Carbide Canada Limited, Toronto 
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(Continued From Page 42) 


Inhibition of Corrosion of Hypereutectic Aluminum- 
Silicon Automobile Engine, by H. Lee Craig, Jr., 
and Patrick H. Woods, Reynolds Metals Co., 
Richmond, Va. 


Present corrosion test data on hypereutectic alumi- 
num-silicon alloys under conditions related to auto- 
mobile engine cooling systems. Galvanic coupling 
to copper in the systems gave greatest corrosion of 
the effects studied. Corrosion of the alloys was re- 
duced when they were galvanically coupled to cop- 
per. Results were based on inorganic and organic 
inhibitors added to single and double phase anti- 
freeze solutions. 


Marine Corrosion 


Friday, March 18, 9-11:30 am 








Cities Service Research 
Lake Charles, La. 


Chairman R, O, Norris, 
and Development Co., 


A Novel Cathodic Protection System for Tanker 
Ships, by W. L. Miller, U. S. Naval Material 
Laboratory, Brooklyn, N. Y 

Describes an experimental magnesium anode-bottom 

coating combination system designed by author for 

installation on an MSTS T2 oiler and the USNS 

Mascoma. Objects were to simplify installation and 

reduce long range costs by having all anodes at 

tank bottom and to prevent bottom pitting while 
not in ballast and to eliminate sparking hazards 
from falling magnesium. After one year’s use in 

10 tanks, typical advantages were observed. Little 

wear of the anodes indicated at least a 10-year 

life for the installation. Information was obtained 
for planning long service combination systems. 


Cathodic Protection of Offshore Platforms, 
Wayne Johnson, Corrosion Rectiiying 
Houston, Texas 


by 
Co., 


Explains principle of protecting offshore platforms, 
docks and wharves. Discusses tests used to deter- 
mine corrosiveness of water and method of deter- 
mining criteria of protection. Different types of 
protection systems are explained. Outlines various 


methods of installing anodes. 


Magnesium Anode Designs for Effective Non-Haz- 
ardous Cathodic Protection of Ballast Tanks, by 
Richard D. Taylor and George W. Kurr, 
American Smelting and Refining Co. 


Discusses designs of magnesium anodes, mounts 
and fastenings for effective, economical and non- 
hazardous cathodic protection of ballast tanks of 
tankers, ore carriers, etc. Covers such factors as 
size of cat in cores, bonding of cores, dielectric 
coatings on cores, mounting and fastening tech- 
niques with emphasis on non-hazardous operation. 
Data is given on results of vibration tests con- 
ducted on various anode designs and mounts. 


An Investigation of the Corrosion Rate of Mild 
Steel in San Diego Harbor, by M. H. Peterson 
and L. J. Waldron, U. S. Naval Research Lab- 
oratory, Washington 25, D. C. 

Basic corrosion rate at San Diego has been deter- 

mined by exposure of mild steel panels for 6, 12 

and 18 months. Corrosion rate determined by 

weight loss and degree of pitting determined by 
pit depth measurements were measured for unpro- 


tected panels and for three different levels of 
cathodic protection. Basic corrosion rate for un- 
protected panels Over one-year exposure was 25.8 


mdd and greatest pit depth exceeded 60 thou- 
sandths of an inch. Fully protected panels had 


almost no corrosion; partially protected panels had 
a corrosion rate of 8.3 mdd. Greatest pit depth on 
partially protected panels was only 9 mils. 













Details on Technical 
Committee Meetings 
To Be in February Issue 


Details of Technical Committee 
meetings to be held at Dallas during 
the 1960 NACE Annual Conference 
will be published in the Technical 
Committee Activities Section of the 
February issue of Corrosion. Per- 
sons interested in these meetings are 
urged to get the necessary informa- 
tion from the February issue. 

A tentative schedule of the com- 
mittee meetings is published on page 
32 of this issue. 
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Arranged by Booth Numbers 
Booth No. Booth No. Booth No. 
1 & 2—Tohn- Manville Sales 38 & 39—Shell Chemical Corp. 78—American Hot Dip Gal. 
Corp. 40 &41—Aluminum Co. of vanizers Assoc. 

3—Tinker & Rasor America 79 & 80—American Smelting 

Deaf ; 9 ci a : & Refining Co. 
4 & 5—Plicoflex, Inc. 42—Royston Laboratories, Inc. : 

= ane ; a : . 81 & 82—Koppers Co., Inc. 

6 & 7—Chicago Bridge & Iron 43 & 44—The Duriron Com- 


8—Stewart 


10. 
11 
12 


13 
14 
15 
16 


17 
18 


19 


20. 
2] 
22 


23 


24 
af 
28 


29 


31 


32 


34 


36 


pany, Inc. 
45 & 46—The U. 


Company 
R. Browne Mfg. 


S. Stoneware 


87 & 88—Pittsburgh 


83 & 84—Carboline Company 
86—The Carpenter Steel Co, 


Coke & 


: Co., Inc. : a Co. 5 . Chemical Co. 
9—Tubular Lining Corp. 47—Harco Corporation 89—National Carbon Co. 
—Hills-McCanna Company 48—Phelps Dodge Copper 90—John L. Doré Co. 
—Pipe Linings, Inc. i Products ( oe 91 & 92—Dresser Manufactur. 
—Agra Engineering Com- 49 & 50—Armco Steel Corp. oi-itlheneen td. 
pany 51—Orchard Paper Company 04_Fj + 9 C 
eee re ee 29 _S . ~ ‘ —FHibercast Company 
} ap ste el Metallurgical 52 & 53—Shell Oil C ompany 95—Rio Engineering Co. 
sal rp. ae 54—Truscon Laboratories 96—Burndy Corporation 
—T. D. Williamson, Inc. 55—Metal-Cladding, Inc. 97—Radio Receptor Co., Ine. 
—The Tapecoat Company 56—The Dia-Log Company 98—Reilly Tar & Chemies 
—The D. E. Stearns Com a . ae Corp. 
pany 57 mt Crose Mfg. Co., 99 & 100—The International 
- aa a Ro 3 : Nickel Co., Inc. 
= es ns, ee 58—Hercules Powder Com- 101 & 102—Enjay Company 
—aittsburgh Coring Wor- : Pans ; 103 & 104—Cathodic Protec- 
poration ‘ ; - 59—Nicolet Industries, Inc tion Service 
nos a Engineering Com- 60—Minnesota Mining & 105—Good- All Electric Mfg. 
nee ae : Mfg. Co., Tape Div Ce i ‘ 
—R. C. Foltz Company 55 Seas ; ‘ . 106 & 107. —Metallizing Engi- 
a Pai Fenn 1&62—The Kendall Co., neering Co., Inc 
—Rockcote Pai ‘ oly ke sales , : 
S Re ckcote ey Ne tee : Polyken Sales Div 108 & 109—Clementina, Ltd, 
2—( i bageider Rectifying Ve. 63—Cameron Iron Works, Inc. 110—Gulf States Asphalt Co., 
—Otis Engineering Corpo- 64 & 65—Brance-Krachy Co., ne. 
ration Inc. 111—Sentinel Chemicals, Ince. 
, 25, 26—Resistoflex Corp. 66—Tejas Plastic Materials 112—The Garlock Packing Co 
ae Plastic Pipe Com- Supply Co. 113—-A. M. Byers Co. 
_ pany, ¢ . 67—Visco Products Company, 114—Crucible Steel of Amer- 
—Centriline Corporation Inc. ica 
& 30—The Pfaudler Com- 68—Central Plastics Company 115—Socony Paint Products 
pany 69—Chas. Pfizer & Co., Inc 0s 
Rect, : a . ox Relapse” “a 116—-Wheelabrator Cor ras 
—( —— Div., Grant Oil 70 & 71—Owens Corning Fi- sine accede. 
ee . _.. _ berglass Corp. 117 & Outside Booth—Black, 
& 33—Amercoat Corpora- 72 & 73—Crane Company Sivalls & Bryson 
Rae oe 74—The DeVilbiss Company 118—Victaulic Company of 
& 35— Coast Paint & Lac- 75—Standard Magnesium Cor- America 
Suet Co. ; ; poration 120—Heil Process Equip. Co. 
& 37--The Dow Chemical 76&77—The Glidden Com- 121—Republic Steel Corpora- 
Co. pany. tion 


GET AN “ON-THE-SPOT” ANSWER 
TO YOUR CORROSION PROBLEM 


Your Valdura Corrosion Engineer will be 
glad to offer practical solutions to cor- 
rosion problems in your plant—based on 
Valdura’s experience that no one coating 
can solve all corrosion problems. Mail 


coupon today. 

















NAME____ acienidemnate seen 
Have your 
Corrosion En- COMPANY —-— 
gineer call on appresS 
me right away. 
. 7 NN ae eee ee 


VALDURA HEAVY-DUTY 


— AE 


PAINT DIVISION 


AMERICAN-MARIETTA CO.. CHICAGO 11. ILL. 
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Booth 
No. 


A 


Air compressors—portable 


and stationary ......... 74 
Airless paint spray outfits. 74 
Alloys, nidal ......... 99, 100 


Aluminum metallizing. 106, 107 
Ammeter, heater treater... 12 


ANDGES occccceees 66, 103, 104 
Anodes, cathodic 

protection ........ 22, 64, 65 
Anodes, graphite ........ 89 
Anodes, high silicon 

BEMEOMIOME, (elbs6 ase <'0 <8 as 43, 44 
Anodes, magnesium. .75, 79, 80 
Anodes, zinc .......... 79, 80 
Anti-corrosion 

DEE. ko caccewee ott, BEL 


Anti-corrosive 
application equipment... 19 


Arrestor, lightning ....... 12 
Asbestos pipe line felts...1, 2 
Asphalt pipe coatings..... 110 
I sis dae pas avaie aevie- ene 54 


Bellows, fluorocarbon .... 90 
Blast cleaning 


equipment ....108, 109, 116 
Blenders, twin shell...... 20 
EMD a orci lac tiareraes- eeb 6% 12 
Se ee 91, 92 
ME TARO goo a Sin aieiave wos 12 


Cable, cathodic 
protection. 22, 64, 65, 103, 104 
Cable and connectors, 


for cathodic protection... 66 
Caliper, CI ei ceisces 02s 23 
CMIIRELIC. . 4s civeeaes + 83, 84 
Carbo Zine coatings... .83, 84 
CASING 

PEE PS) sd wate g 6.4 85s 91, 92 

ere ey 91, 92 

NE Sid ie sice- hein 4, 5, 91, 92 
Catalyst (plural component) 

spray equipment ....... 74 
CATHODIC PROTECTION 

Materials ...... 95, 103, 104 

RONNIE do ocoh aay ca ikte oo «0's 47 
Cement, JOMt sc ce cas. ol 34, 35 


Cement lining for pipe.... 28 
Cement mortar, for 


Dupe WNIMES . ccc esses 11 
Ceramics, chemical ....45, 46 
Chemfast concrete ...-... 54 
DO SRE 69 
ME RIAEOUROIG® 0.5.0. 0%0-o- 0's, « 6,7 


COATING 
Acid and alkali resistant. 42 


PE RAE og ks o'eas sep a 33 
8 AR ere 98 
Coal tar ae wy cold.81, 82 
Coatings . , 66, 87, 88, 115 
BONY oid ere cies oda 42, 45, 46 
re 42 
Metallized ....... 106 & 107 
MOO esac ice cas 45, 46 
Plastic for pipe... .103, 104 
RINNE a res ose-a 45, 46 
Primers and pipe wraps. 42 
SYStEMS ..... 64, 65, 76, 77 
MORE ows cichaees co ce os 42 
Concrete patching 
COMMOURE 2. cceccsces 76,77 


Copper condenser tubes... 4 
Corrosion control equip- 


ment, miscellaneous .... 66 
C “onduit, PVC electrical... 27 
Corrosion survey 

co fimpment alae a aires 8 aie 31 

uplings, dresser ..... 91, 92 






Show. 


Partial List 


ADVANCE PROGRAM, 


of Products at 1960 Corrosion Show 


Booth 
No. 
Dip: pipes 66654030. 24,2526 
Ducts, plastic, glass 
FOMIGICED.. Soles ccsenss 120 
Electrodes, cathodic 
DUOTCCEIOM vedceesecnns 64, 65 
Emulsion breaking 
SEE Si no Agia eee ee 67 


ENAMELS 
Coal tar mastic, hot. .81, 82 


a ae re 98 

General purpose ..... 76,77 
EPOXY 

Bitumen coatings ....38, 39 

Linings for pipe........ 28 

RTESURR s. cihtteaenicel a. erg ee 34, 35 

MOSES: oe sxe accan ce te 38, 39 
Expansion joints ...24, 25, 26 
Expansion joints, 

fluorocarbon .......... 90 


F 


Fans, plastic, glass 


reinforced Pabue eth kee es 120 
Felts, pipe line.......2<.+ 59 
Fiberglass-reinforced 

NUMEGMINE.- --u-«. pe. thaed) 8 ates 70, 71 
Filters, self cleaning...... 20 
FITTINGS 

WERMOMN, Ci dae ce casero ane 31 

Electrical compression .. 96 

SURNS. © accu so Shes eer 72,73 

POM cnrnentacaterewn eas 118 

MEMEO. 5 5 oViscr, welsivie.o wie 94 

PVC electrical o6cs<ov 27 
Flange insulation ........ 68 
FLUOROCARBON 

Compounds, filled ...... 90 

Lined pipe .......24, 25, 26 

Linings, packing, 

gaskets & seals....... 112 

OE Wiis ccuicwewee swe 90 

G 
Galvanized steel ......... 78 
Gaskets, fluorocarbon .... 90 
Gauge adapters .......... 14 
GLASS 

DUD oye es eee ae G88 Kx 18 

Insulation, refractory ... 18 

ee 18 
Graphite processing 

COMMINMGRE Ge. 6 ou s's:as. 088-5 89 


Grease, anti-corrosion ..52, 53 


H 
IIEAT EXCHANGER 


Impervious graphite .89, 120 


DEOL wscepeunesin can + 48 
High alloy tubing and pipe 86 
Holiday detectors... .< 3, 16, 66 
lloods, plastic, glass 

POMOEEUNE ce cry neck ces 120 


Ilot spray painting units.. 74 


Inhibited papers ......... 51 
Inhibitors, oil production. 67 
Injector, atomizing 
P| a ee 67 
Instruments, for cathodic 
protection .22, 64, 65, 103, 104 


INSULATING 


COMDREES oes ose nc ds 91, 92 
NERUOCIONS open cecwos 103, 104 
Materials for pipe lines. 17 
Meter connections ..... 68 
Oe a ee 64, 65, 68 


Investigate These Scheduled NACE Corrosion Shows 


If you make or sell corrosion control ma- 
terials, license or install corrosion control 
systems or offer any engineering service con- 
nected with corrosion you should consider 
the advantages of exhibiting at a Corrosion 


Complete advance information about 
NACE’. 1961 Corrosion Show to be held at 
Buffalo, N.Y., March 13-17 will be available 


ANNUAL CONFERENCE 45 





































































Booth Booth 
No. No. 
INSULATORS R 
Casing «..-+-..-seeee 64, 63 Rectifiers, cathodic protec- 
Flange REE SERS EASA SS tion . .22, 64, 65, 103, 104, 105 
Insulators Bae eo Fiona eR » 06 Rectifier s, selenium .....- 97 
Pipeline-casing ........ 14 MEG; Wi8O\ versa wadsdenn 12 
Interrupter, current ...... 12 Resin, pipe protection..... 60 
IGOM, WIOUBME 6.66.6. ewes 113 are ee 74 
Rock shield: «02.6. s+ceees 1,2 
J Rock shield tape......... os 
Nil: PORMUME. So cc cess cee 90 
Jackets, for steel in MOG, PIOE 5 cecsuscnes snc Re 
eh eee 22 
L Seals, pipeline-casing ..... 14 
Linings, plastic ........ 45, 46 Scraper er indicators. 14 
, es 
M fluorocarbon ........... 90 
BORGRG | oo ciceck ans 24, 25, 26 
M: asonry, acid brick... .45, 46 os aterials 103 sna 
Mastic, cold applied pipe.. 42 spneite materia we ae 13, 10 
Mastic, epoxy .........: 34, 35 Spray guns and painting c 
Metallizing so OES OM 106, 107 CQMIPMIERE 2. cccccececss 74 
Metals, non-ferrous ....79, 80 Stac 7 are glass _— 
M tals, racut -lted...114 FEMIOTCEG wcccccccesccs < 
. Vee BEETS Steel, stamless .-..+%.. 49, 50 
Steel, stainless i 
N _ tubing & pipe.......... 86 
REE, <<. Sl yere 99, 100 SHOCK SHGUEE oo icccescdes 90 
4 : rANKS 
Packing, fluorocarbon..... 90 Car linings for....... 76,77 
PAINT Linings, natural and 
s ene ales a . ) 
Application equipment .. 19 E sy ane elastomers. oe 
Cold application ....... 98 PORE Green + Kes een ase it 
Sesame at ut re "45, 46 Plastic, glass reinforced.120 
Papers, inhibited ........ 51 _, Reinforced plastic ..... 7 
Patching compound, lantalum equipment ..... 
| SPOxy se eecevercccnced 34, 35 rAPES 
ee WESGEER es e's 55 a hr COBUNES van «ays + cua we 15 j 
MEMOMME eee eeeccrcces O49, ¢ Ee. eee 1,2 
PIPE P ipeline ed ekoes ames 4, 5, 66 
A 1 PVC x DRM i docnenaeenes 1, 2, 60 
And fittings, icacnina 24 WAGE e osceccsuenan can 64, 65 
COGN a orale cca Wack gee 76,77 Tape application 
Coating, epoxy . caackines : ara re 64, 65, 66 
internal ........ .- 34, 35 Tapping machine ........ 14 
Fluorocarbon 2 24, 25, 26 Test coupons ...........- 14 
Plastic ......3 32, 33, 94, 113 Veiier, IMME «6 eviciene’ 12 
Stainless steel ...-.-.-. 56 Thermometer wells ....... 14 
Vinylidene | = Thermite connection 
chloride-lined bine eae 36, 37 equipment ..75, 96, 103, 104 
Wrought tron .........113 Thinsulators, 
7 me pipeline-casing ......... 14 
PIPELINE Titanium ........2se.eee 114 
Construction materials... 17 Titanium equipment ...... 13 
WRUEES” cc atwade ceca our ae 1,2 Tools, for pipe fittings... .118 
ROMO Sc be des cin 91, 92 ERNOUE i caauteaden dune 54 
CONGR WYER conc s ns cts 1,2 lubes, copper alloy....... 48 
WIE fos back ee waar 4,5 Tubing caliper Clas tox : 56 
Pipe linings and ‘Fubiig; DIRE Coceenss 45, 46 
Ce ere 11, 76, 77 
iO WEES iwi o chitvacc awe 4,2 
Pipe wrap, fiberglass...70, 71 , aii v 
gn a ae rere 90 VALVES 
Ball and diaphragm..... 10 
PLASTIC Globe, impervious 
Electrical conduit ...... 66 graphite 89 
Glass reinforced ..... 45, 46 High alloy 20 
Lining for tubes........ 9 Plastic ...-+-++see eee he 
Pipe & tubing.......... 94 Valves ...-+-..+-s , 73 
Duta oe eee 58 Voltmeter, indicating ..... 12 
Polyclads 83. 84 Voltmeter: F/S 6226 aée04 12 
Polyethylene tape ...... 61, 62 
PEER occ dag o's. s'.s's 76,77, 111 WwW 
Process equipment .....29, 30 Waterflooding chemicals .. 67 
Process vessels, Wire, resistance ........- 12 
WENNIE, a cec dt sccest 40, 41 
PUNO, GUY ceccccsecess 20 
Pumps, centrifugal, 3 : Z fe 
impervious graphite .... 89 Zine metallizing ..... 106, 107 
a 60 Zirconium equipment .... 13 


early in the Spring. If you are interested write 
to R. W. Huff, Jr., Exhibits Manager, NACE, 
1061 M & M Bldg., Houston 2, Texas. 

Other Corrosion Shows are scheduled for 
1962 at the Kansas City Municipal Audito- 
rium and in 1963 at Atlantic City, N.J. If you 
are not on the mailing list already to get 
advance notice about these events write to 
Mr. Huff. 
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16th Annual Conference 


BIOGRAPHIES 


K. R. AGRICOLA is metals group engineer with 
the Martin Company, Denver, Colo. His activities 
are on advanced materials evaluation and applica- 
tion. He has a BS from Michigan College of 
Mining and Technology and an MS in metallurgi- 
cal engineering from Pennsylvania State University. 
Previously he was associated with Wright Air De- 
velopment Center as project engineer on high 
temperature alloys and reactor materials. 





A. L. ALEXANDER is affiliated with the chemis- 
try branch of the U. S. Naval Research Labora- 
tory. Active in NACE conferences, short courses 
and technical symposia, he is also a member of 
ACS, ASTM and Federation of Paint and Varnish 
Production Clubs. He has a PhD from the Uni- 
versity of North Carolina. 


J. R. ALLEN is associated with the engineering 
service division of E. I. du Pont de Nemours & 
Co., Inc., Wilmington, Del. He has a BS in 
ceramic engineering from Georgia Institute of 
Technology. His work as an engineering materials 
consultant is concerned with protective coatings 
and thermal insulation, He has been a member of 
du Pont’s Protective Coatings Committee since its 
organization. 


ROBERT R. ANNAND, research chemist with 
Texas Research Associates, Austin, Texas, has a 
BS in chemistry from the University of Texas. 
His work is in synthesis and testing of organic 
compounds for corrosion inhibitors. 


D. R. ANTHONY, a chemical engineer in the 
corrosion group of Atlantic Refining Company’s 
Crude Oil Production Division, has been with the 
company since 1954. He has a BS and MS in 
chemical engineering from the University of Michi- 
gan. 


H. E. ATKINSON is materials consultant for the 
engineering department at E. I. du Pont de Ne- 
mours & Co., Inc. For the past six years he has 
specialized in the uses of plastics as materials of 
construction. He has a BS in mechanical engineer- 
ing from Virginia Polytechnic Institute. He is a 
member of ASTM and ASA. 


R. M. BERG is staff manager of the development 
department at Union Carbide Chemicals Co., 
South Charleston, W. Va., where he has been 
employed since 1940. He is a member of ASTM 
and the American Society for Quality Control and 
has a BS in electrical engineering from the Uni- 
versity of Wisconsin. 


W. W. BINGER, chief of the chemical metallurgy 
division of the Alcoa Research Laboratories, New 
Kensington, Pa., has been with Alcoa since 1943. 
His principal activity has been in development of 
aluminum alloys for chemical industry applications. 
He was the 1959 chairman of the NACE North- 
east Region and has a BS in chemical engineering 
from the University of Wisconsin. 


WALTER K. BOYD is assistant chief of the Cor- 
rosion Research Division at Battelle Memorial 
Institute, Columbus, Ohio. An NACE member, he 
has contributed to development of low and high 
temperature corrosion resistant stainless steel alloys 
and lately has been working on corrosion resistant 
uranium and zirconium materials. 


S. W. BRADSTREET, JR., is supervisor of inor- 
ganic technology at the Armour Research Founda- 
tion, Chicago, Ill. He is co-inventor of solution 
ceramics, slurry ceramics and flame ceramic proc- 
esses. He has a BS from Cornell University and 
an MS from California Institute of Technology. 


M. H. BROWN has been employed in the Chem- 
ical Metallurgy Division of the Alcoa Research 
Laboratories, New Kensington, Pa., since 1951. 
His work is primarily devoted to applications 
of aluminum alloys in the chemical industries. 
He has a PhD in chemical engineering from 
Iowa State College. 


R. H. BROWN, 1950 winner of the NACE Whit- 
ney Award for outstanding contributions to the 
science of corrosion, joined the Alcoa Research 
Laboratories in 1931. He has a BS in chemical 
engineering from Drexel Institute of Technology 
and an MS from Massachusetts Institute of Tech- 
nology. His activities have been devoted to the 
study of corrosion and metallurgical problems. A 
Pioneer in establishing the cathodic protection 
theory, he has written about 50 articles and dis- 
cussions for technical journals. Also he has de- 
veloped electrochemical methods used to study 
diffusion of metals and the internal structure of 
alloys. 


FRANK J. BRUNS is associated with the Sinclair 
Research Laboratories, Harvey, Ill. He has a BS 
in metallurgical engineering from the University 
of Illinois and a MBA from the University of Chi- 
cago. Formerly he was employed by Standard Oil 
of Indiana. 
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W. ROGER BUCK, III, is a senior research 
chemist at the Virginia Institute for Scientific 
Research, Richmond, Va. He has a BS in chemis- 
try from the University of Richmond and an MS 
in physical chemistry from Duke University. He 
is a member of NACE, ACS and the Electrochemi- 


cal Society. 


DONALD H. BUCKLEY is associated with the 
National ,Aeronautics Space Administration as an 
aeronautical lubrication research engineer. He has 
a BS from John Carroll University and is en- 
gaged in high temperature lubrication research. 
He is a member of the American Society of 
Lubrication Engineers and ACS. 


M. E. CARLISLE, JR., engineer in the sales de- 
velopment division of the Aluminum Company of 
America, is a specialist on the use of aluminum 
in petroleum industry operations. He has a BS in 
industrial management from Carnegie Institute of 
Technology. 


FRANK L. CHATTEN is system engineer in com- 
munications and signals for the Pennsylvania Rail- 
road and is in charge of construction and mainte- 
nance of those facilities. He has a BS in electrical 
engineering from Rutgers University and is a 
member of the Association of American Railroads 


and AIEE. 


JAMES H. COGSHALL is sales manager of Pen- 
salt Chemicals Corporation’s Corrosion Engineering 
Products Department, Natrona, Pa. A chemical 
engineering graduate of the University of Penn- 
sylvania, he has been engaged in corrosion engi- 
neering for 13 years and has been active in NACE 
for 10 years. He is author of several papers on 
corrosion and has been symposium chairman for 
NACE meetings on protective coatings. 


FAIR COLVIN, JR., is regional corrosion engineer 
for the Atlantic Refining Company’s West Texas- 
New Mexico region. A member of NACE and 
AIME, he has a BS in chemical engineering from 
Texas A & M College. 


E. H. COOK, JR., is research engineer in the 
chemical metallurgy division at the Alcoa Research 
Laboratories, New Kensington, Pa. His work is 
primarily in fundamental studies of corrosion 
mechanisms and development of aluminum alloys 
for the chemical industry. He is a member of 
NACE and has a PhD in chemistry from Penn- 
sylvania State University. 


HARRY R. COPSON is head of the Corrosion 
Section, Research Laboratory, International Nickel 
Co., Inc., Bayonne, N. J. Active in NACE work 


. and author of several articles on corrosion, he has 


a BS from the University of Massachusetts and a 
PhD in physical chemistry from Yale. 


A. S. COUPER is assistant project engineer of 
:the corrosion section, Materials Division with 
*Standard Oil Company of Indiana. He has an MS 
from Montana State College and has been with 
Standard since 1953. He has worked on pilot plant 
developments on petrochemicals and general re- 
search on corrosion. 


H. LEE CRAIG, JR., is research supervisor of 
the chemical metallurgy section, Metallurgical Re- 
search Laboratories, Reynolds Metals Company. 
He has a BA, MS and PhD in chemistry from the 
University of Pennsylvania and is a member of 


NACE, ACS, ASM and ASTM. 


PAUL F. DERR is technical assistant to the direc- 
tor of the inorganic research and development 
department of the Food Machinery and Chemical 
Corporation. His work has been in rocket fuels. 
He has a PhD from Duke University and is a 
member of ACS, American Rocket Society, the 
Electrochemical Society and the Chemical Industry 
Association. 

ROY E. DIAL is supervising engineer in the 
engineering research branch of Carborundum’s 
Central Research and Development Laboratories. 
Formerly he was a research chemist for the Alcoa 
Research Laboratories and General Aniline and 
Film Corporation. He has a BS and PhD from 
the University of Illinois. 


CHARLES P. DILLON has been group leader of 
the Corrosion and Metallurgical Group at_ the 
Texas City plant of Union Carbide Chemicals 
Corporation since 1950. Author of several articles 
on chemical process, cooling water and tanker 
corrosion, he is active in NACE and also is a 
member of ACS and ASM. 


E. P. DOREMUS is president of Cathodic Pro- 
tection Service, Houston, Texas. He has a BS in 
chemical engineering from Southwest Louisiana 
Institute and an MS from Louisiana State Univer- 
sity. Formerly with Shell Oil Company, he is a 
member of NACE and also vice president of 
Grebe & Doremus Process Company. 


ANDREW DRAVNIEKS, head of the Corrosion 
Section, Material Division, Engineering Research 
Department, Standard Oil Company of Indiana, 
attended the University of Latvia and Marburg 
University, Germany. He has a PhD from the 
Illinois Institute of Technology. He has done work 
in paint technology, polarography, surface chemis- 
try and in the kinetics of corrosion processes. 
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O. B. ELLIS is senior research engineer with 
Armco Steel Corporation, where he has been em- 
ployed since 1932. He has a BS in chemistry and 
an MS in physics from the University of Louisville. 


ALFRED R. ERBEN, an NACE member, is a 
chemist in the corrosion department of the Chemi- 
cal Test Section, Sun Oil Company, Production 
Laboratory, Richardson, Texas. He has a BS and 
MA in chemistry from Southwest Texas State 
College. 


OTTO H. FENNER is associated with Monsanto 
Chemical Company in St. Louis. He helped or- 
ganize the NACE Greater St. Louis Section, 
served as its chairman and has been an officer on 
several NACE Technical Committees. He has a 
BA in organic chemistry from Washington Uni- 
versity. 


FREDERICK W. FINK has specialized in corro- 
sion studies in non-ferrous metals and_ stainless 
steels since joining the staff of Battelle Memorial 
Institute in 1938. : NACE, he has been chairman 
of technical committees and symposium chairman 
at national conferences. He has a BS from Cornell 
University and an MS from the University of 
Cambridge (England) and is a member of NACE, 
ASM, AIME and the Electrochemical Society. 


M. D. FOLZENLOGEN is a chemical engineer 
with the Atlantic Refining Co., Dallas, Texas. He 
has a BS in cheimcal engineering from Texas 
A & M College and has been a member of the 
company’s corrosion group since 1951. 


B. W. FORGESON, an NACE member, is affili- 
ated with the Naval Research Laboratory, Since 
1953 he has been in charge of tropical exposure 
and laboratory facilities in the Panama Canal Zone. 


JOSEPH S. FRINK is an engineer with the Hous- 
ton Corp., St. Petersburg, Fla. An NACE member 
active in the Southeast Region, he has written 
papers in the gas industry and corrosion engineer- 
ing fields. 


D. W. GATES is associated with the Army Ballis- 
tic Missile Agency, Huntsville, Ala. Formerly he 
was assistant professor in the ceramic department 
at Clemson College. He has been co-author of 
several articles on exploration geophysics and 
ceramic testing of porcelain cane and clay 
materials. 


LEO E. GATZEK is head of the Materials Ap- 
plication Section, Engineering Design Department 
at the Space Technology Laboratories, Los 
Angeles, Cal. Formerly he was with Bendix Air- 
craft Corporation. He has a BS from the Uni- 
versity of Chicago and is a member of American 
Welding Society, ASM and AIME. 


G. G. GAUL is a metallurgist for the chemical 
engineering unit at General Electric’s Vallecitos 
Atomic Laboratory. Formerly he was associated 
with Cutler Hammer, Inc. He is a member of 
AIME and ASM. 


W. D. GREATHOUSE is supervisor of the Ma- 
terials Section, Production Research Division, Con- 
tinental Oil Co., Ponca City, Okla. He is co- 
author of several papers on petroleum production 
corrosion problems, has a BS in chancel -onaleser- 
ing from Texas Technological College and is a 
member of NACE and AIME. 


NORMAN HACKERMAN is head of the Univer- 
sity of Texas Chemistry Department. Active in 
NACE since 1946, he organized and conducted an 
NACE short course on corrosion at the University 
of Texas in 1949. He was technical program com- 
mittee chairman for the 1951 NACE Conference 
and is currently chairman of the NACE Education 
Committee. He has published several articles on 
corrosion studies and is a member of NACE, ACS, 
the Electrochemical Society, AAAS and the Gor- 
don Research Conference on Corrosion. 


ROBERT L. HADLEY is engineering manager of 
General Electric’s Metallurgical and Ceramic De- 
velopment Group, Major Appliance Laboratory, 
Louisville, Ky. He has a BS from Purdue Univer- 
sity and an MS and PhD from Carnegie Institute 
of Technology. 


J. E. HALKIAS is senior engineering chemist with 
Convair Fort Worth, a division of General Dy- 
namics Corp. Currently his department is work- 
ing on corrosion studies of aircraft structural 
materials. He has a BS in chemical engineering 
from Texas A & M College. 


JOHN O. HARRIS has been on staff of Kansas 
State University since 1941. He is professor of 
bacteriology and bacterial physiologist at the Kan- 
sas Agricultural Experiment Station. An NACE 
member, he has a BS and PhD from Kansas State 
and an MS from the University of Hawaii. His 
research work has included hydrocarbon oxidation, 
asphalt road deterioration and pipeline coating 
breakdown. 


(Continued on Page 50) 












48 CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS lol. 16 Janua 





Authors of Technical Papers, 16th Annual NACE Conference 





Folzenlogen Forgeson Frink Gates 







Gatzek Gaul Greathouse Hackerman 





Hopkinson 





Harris Howells Hudgins 


relie 
chen 


oxid 
as t] 





Hurd Huscher Robert Johnson Wayne Johnson Kennedy Kerst 





Kinsley Krupka Ladiey Landers Landis Larrabee 

























January, 1960 








“Toughest job in the plant” 
demands Copon ... for corrosion control 








Jefferson Chemical Company’s Port Neches (Texas) plant 


relies on Copon for protection from moisture and wet corrosive 


Ny chemicals in the ethylene and propylene chlorohydrin units. 

' The structure in the reactor area of the original ethylene 
Wy oxide unit is well described by maintenance-construction engineers 
as the “toughest job in the plant.” 

/ For an answer to the corrosion problem troubling you, 
. contact today the Copon Associate nearest your city. 


COPON ASSOCIATES 


BENNETT'S 
65 West First South Street 
Salt Lake City, Utah 


WALTER N. BOYSEN CO. 
42nd & Linden Streets 
Oakland 8, California 


; BRITISH AMERICA PAINT CO., LTD. 
ae P. O. Box 70 
a Victoria, B. C., Canada 


BROOKLYN PAINT & VARNISH CO., INC. 


50 Jay Street 

Brooklyn 1, New York 

COAST PAINT AND LACQUER COMPANY 
6901 Cavalcade, Box 1113 
Houston, Texas 
COAST PAINT AND LACQUER de MEXICO, S.A. 

Apartado Postal 9637 

Mexico 1, D.F. 


ENTERPRISE PAINT MFG. CO. 
2841 South Ashland Avenue 
Chicago 8, Illinois 


INDUSTRIAL PAINT MANUFACTURING CO. 
P. O. Box 2371 
Birmingham 1, Alabama 
McDOUGALL-BUTLER CO., INC. 
2929 Main Street 
Buffalo 14, New York 
MULSYN PAINT & CHEMICALS 
64-70 Hanover Street 
Fitzroy, N. 6 
Melbourne, Australia 
JAMES B. SIPE & CO., INC. 
P. O. Box 8010 
Pittsburgh 16, Pennsylvania 
SOCIETE DES VERNIS PYROLAC 
Avenue de Joinville 
Vitry-Sur-Seine, France 
SURFACE PROTECTION, LTD. 
18 London Street 
London E. C. 3, England 
WILBUR & WILLIAMS COMPANY 
650 Pleasant Avenue 
Norwood, Massachusetts 
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F. PARKER HELMS, an NACE member, is head 


of the paint and insulation section at Union Car- 
bide Chemical Co., Texas City, Texas. He has a 
BS in chemical engineering from the University of 
Arkansas and is active in NACE technical com- 
mittee work. 


B. E. HOPKINSON is a research chemist in the 
Corrosion Section of the International Nickel Co., 
Inc., Bayonne, N.J. He has a BS in chemistry 
from London University and is a member of the 
Electrochemical Society and the Faraday Society. 


R. L. HORST, JR., is affiliated with the sales de- 
velopment division of the Aluminum Company of 
America, New Kensington, Pa. His work is on 
aluminum applications in the chemical and _ process 
industries. An NACE member and a graduate of 
Columbia University, he has published several 
articles on aluminum and cathodic protection by 
aluminum and magnesium anodes. 


E. HOWELLS is test engineer for water and 
liquid metal corrosion studies at Babcock & 
Wilcox Company Research and Development Cen- 
ter, Alliance, Ohio. He has a BS in chemistry 
from Columbia University and formerly was as- 
sociated with Johns-Manville Research and De- 
velopment Center. 


Cc. M. HUDGINS, JR., is a research chemist in 
the Materials Section of the Production Research 
Division, Continental Oil Co., Ponca City, Okla. 
He is concerned with corrosion and special physical 
chemistry problems encountered in_ production of 
oil. He has a BS and MS from Texas A & M 
College and a PhD from Louisiana State Uni- 
versity. 


RAY M. HURD is director of chemical research 
at Texas Research Associates and Defense 
Research Laboratory, University of Texas, Austin. 
Formerly he was research chemist with the At- 
lantic Refining Co., Dallas. He has a BA from the 
University of Oklahoma and a BS and PhD in 
chemistry from the University of Texas. 


JOSEPH L. HUSCHER has been with American 
Agile Corporation since 1941, working originally 
on development of special metallic welding elec- 
trodes and procedures. His work also has involved 
evaluation of plastic materials and their corrosion 
resistance, An NACE member, he has a_ BS in 
chemistry from the University of Caen (France) 
and a 5S in chemical engineering from Fenn 
College. 





ROBERT L. JOHNSON is head of the Lubrica- 
tion Section at the National Aeronautical Space 
Administration’s Lewis Research Center, He has a 
BS in mechanical engineering from Montana State 
College. 


WAYNE A. JOHNSON is president of Corrosion 
Rectifying Company, Houston, Texas and is author 
of several technical articles on corrosion and 
cathodic protection. He is a member of NACE 
and a graduate of Texas A & I College. 


FRANK M. KENNEDY, JR., is affiliated with 
Palladium Mastic Corporation of America, Ruther- 
ford. N. J. His work is in the manufacture and 
application of mastics and other types of coatings 
for corrosion control. He has been an NACE 
member since 1952. 


HERMAN KERST is senior research leader for 
Dearborn Chemical Company and is engaged in 
development work on corrosion control and scale 
in cooling waters. An NACE member, he has a BS 
and MS from the University of Wisconsin and is 
member also of ACS, AAAS and the Electrochemi- 


cal Society. 


E. J. KINSLEY, a chemist for the past 10 years 
with Bell Aircraft Corporation, is active in the 
development of compatible materials and prepro- 
cessing technique for use in 90 percent hydrogen 
peroxide service. He has a BS in chemistry from 
Canisius College. 


RAYMOND M. KRUPKA is a research engineer 
with the Chicago Midway Laboratories, University 
of Chicago. He has a BS and MS in mechanical 
engineering from the Illinois Institute of Technol- 
ogy and is a member of ASME. 


GEORGE W. KURR is manager of the Cathodic 
Protection Department of American Smelting and 
Refining Co., Federated Metals Division, New 
York, N. Y. His experience has been in design of 
magnesium anodes and systems for cathodic pro- 
tection of ballast tanks of tankers and ore carriers. 
An NACE member since 1954, he has a BS in 
metallurgical engineering from the University of 
Kentucky. 
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R. STANLEY LADLEY is a corrosion engineer 
with Phillips Petroleum Co., Bartlesville, Okla. A 
member of NACE, he has a BS in metallurgical 
engineering from the University of Illinois. 


JAMES E. LANDERS is associated with Conti- 
nental Oil Company’s Development and Research 
Department, Ponca City, Okla. An NACE member 
since 1952, he attended Southern Methodist Uni- 
versity. 


N. J. LANDIS has been a materials and corrosion 
specialist in the General Engineering Division of 
Standard Oil Company of Ohio, Cleveland, Ohio, 
since 1955, He is an NACE member and has a BS 
in chemical engineering from Cast Institute of 
Technology. 


Cc. P. LARRABEE, former chairman of the NACE 
Technical Practices Committee, has spent more 
than 20 years in charge of corrosion work in the 
Research and Development Laboratory of U. S. 
Steel Cap. Monroeville, Pa. He has several 
articles published on corrosion reactions. 


ROBERT A. LEGAULT is a research chemist 
with the Sun Oil Company, Richardson, Texas. 
An NACE member, he has a PhD in physical 
chemistry from the University of Texas. 


HENRY LEIDHEISER, JR., is director of re- 
search at the Virginia Institute for Scientific Re- 
search, Richmond, Va. He has a PhD in physical 
chemistry from the University of Virginia. His 
fields of interest are surface properties of metals, 
electroplating and corrosion. 


ALEXEI W. LOGINOW is associated with the 
Applied Research Laboratory, U. S. Steel Corp., 
Monroeville, Pa, Member of NACE and ASM, he 
has a BS in metallurgical engineering from 
Carnegie Institute of Technology. His work is in 
stress corrosion research of stainless, alloy and car- 
bon steels. 


RADO LONCARIC is chemical engineer with At- 
lantic Refining Company, Dallas, Texas. He has 
been with the company’s corrosion group in the 
Crude Oil Production Department for three fone. 
He has a BS from the University of Ljubljana, 
Yugoslavia and an MS from Technishe Hochshule 
in Austria. 


AUSTIN K. LONG is manager of maintenance 
field service with the Glidden Company. His duties 
include formulation, testing, application, inspection 
and specification writing for industrial maintenance 
coatings. An NACE member, he has a BS and MS 
in chemical engineering from Lehigh University 
and has been in maintenance coatings work for 
12 years. 


C. M. LOUCKS is technical director of Materials 
and Methods, Inc. Formerly he was associated 
with Dow Chemical Company and was a chemistry 
professor at the University of Tulsa. He is secre- 
tary of NACE Technical Committee T-8A and has 
a BS from St. Lawrence University, an MS from 
the University of Illinois and a PhD from New 
York University. 


R. McFARLAND, secretary and technical director 
of Hills-McCanna Co., has been engaged in design 
and application of pumps, valves and allied equip- 
ment for over 20 years. An NACE member, a 
has been chairman of NACE Technical Committee 
T-6A and also is a member of AIChE, ACS and 
ASM. He is a graduate of Armour Institute of 
Technology’s school of chemical engineering. 


R. L. McGLASSON is a metallurgist in the Ma- 
terials Section of Production Research of Con- 
tinental Oil Company. His work deals with cor- 
rosion metallurgy. He has a BS in physics and 
mathematics from Northwestern State Collage 
(Okla.). Formerly he was employed by Boeing Air- 
plane Company. 


T. A. McNARY is an associate metallurgist with 
Babcock & Wilcox Research Center. His work is 
primarily in corrosion of heat exchanger materials 
in aqueous solutions. He has a BS in metallurgy 
from Grove City College. 


T. J. MAITLAND is electrolysis and protection 


engineer with the Long Line Department of 
American Telephone and Telegraph Co., New 
York, N. Y. A member of NACE since 1944, he 


is chairman of the NACE Technical Practices 
Committee and officer of three technical commit- 
tees. His professional career has been devoted to 
corrosion control, cable construction and mainte- 
nance methods of long distance telephone cables. 


A. C. MAKRIDES is research chemist at the 
Metals Research Laboratories of Union Carbide 
Metals Company, Niagara Falls, N. Y. He is a 
member of ACS, Faraday Society and the Electro- 
chemical Society. 


GLEN A. MARSH is affiliated with Pure Oil 
Research Center, Crystal Lake, Ill. He has been 
doing corrosion research for the company since 
1948. He has a BS in chemistry from Illinois In- 
stitute of Technology and an MS in chemistry 
from Northwestern University. 
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CECIL R. MASON, JR., assistant, research engi. 
neer at the Georgia Tech Engineering Experiment 
Station, directs research on development of high 
temperature refractory materials, especially fused 
silica. He has a BS in ceramic engineering from 
Georgia Institute of Technology. 


J. F. MASON, JR., has been a member of the 
Corrosion Engineering Section of the Interna. 
tional Nickel Co., Inc., for 18 years. He has a 
BS in chemistry from Manhattan College and 
has written several technical papers on metallic 
corrosion. 


THOMAS P. MAY is manager of Inco’s Harbor’ 
Island Testing Station. Formerly he was head of 
the corrosion section of the Chemistry Division 
U. S. Naval Research Laboratory. An NACE: 
member since 1947, he has a BS, MS and PhD 
from the Catholic University of America. 


ROBERT D. MERRICK is head of the Corrosion; 
Research Group at Esso Research and Engineering 
Co., Linden, J. He is an NACE member and. 
has a BS in metallurgical engineering from Purdue} 
University and an MS in chemical engineering! 
from Newark College of Engineering. 


HARVEY S. MILLER is 
manager of New England Hard Facing Co., Ine. 
An industrial engineering graduate of North. 
eastern University, he is an NACE member and 
was 1958 chairman of the NACE Northeast Region 
Conference. 


W. L. MILLER is head of the metal chemistry 
section at the Naval Material Laboratory, Brook 
lyn, N. Y. He has been active in ship corrosion | 
work, has a_ BS in chemistry from Columbia 
a and is a member of NACE, ACS and 
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MICHAEL L. MONACK is supervisor of the’ 
Engineering Materials Technology Group at E, I, 
du Pont de Nemours & Co., Inc., Wilmington,’ 
Del. He has been chairman of du Pont’s Protective 
Coatings Committee. He is a member of NACE 
and has a BS in metallurgy from Pennsylvania 
State University. 


NICK MONSOUR is a senior engineer in the 
———— and standards section of the Engineering 
and Construction Department at Polymer Corpo- 
ration, Ltd., Canada. He is a mechanical engineer- 
ing graduate of the University of Toronto. 


KENNETH L. MOORE is a corrosion engineer 
with Tidewater Oil Co., Delaware City, Del. He 
joined this company in 1957 after three years of © 
process design and corrosion work with Atlantic 7 
Refining Company. An NACE member, he has a 9% 
BS in chemical engineering and metallurgical en- 
gineering from the University of Michigan. 


J. J. MORAN is a metallurgist in the Corrosion 
Engineering Section, Development and Researe’ 
Division of International Nickel Co., Inc., New | 
York, N. Y., where his work is on corrosion of @ 
metals at high temperatures. A member of NACE t € 
* 
ee 



















ASM, and ASTM, he has a BS in metallurgy from } 
Massachusetts Institute of Technology, H» jcined 


International Nickel in 1951. e 
FRANK B. MURPHY is associated with th« sales ES Pc 
division of the Aluminum Company of America, © 
where he has been active in corrosion work and Ct 


development of aluminum applications in_ the 
chemical and petroleum industries. A member of 
NACE, AIChE and ACS, he has a BS in chemical © 
engineering from Grove City College. : 


E. E. NELSON is a corrosion engineer at Socony © 

Mobil Oil Company’s Brooklyn Technical Service © ‘ 
Laboratory. Formerly he was with the Naval Re- § res 
search Laboratory for 11 years. He has been an fac 
NACE member since 1954. 


WALTER P. NOSER, senior corrosion engineer E 


with Humble Pipe Line Company, Houston, Texas, al 
has been active in corrosion control work since © 
1941. He helped in the early organization of NACE stc 





and was the first chairman of the NACE Houston 
Section. He has a BS in electrical engineering from 


the University of Texas. c the 
J. T. PARMENTIER is a materials engineer for © tes 
the Martin Company’s Activation Division. His © 
work has included development of a system used © tes 
on the Titan missile for galvanic corrosion protec: © 
tion of magnesium-thorium alloys. He is a member mé 
of ASM. E 

E Nc 
BURTON S. PAYNE, JR., is manager of new 
roducts research with the Pfaudler Division of © ap 
faudler-Permutit, Inc., Rochester, N. Y. He has & tw 


a BS in metallurgical engineering from Rensselaer 
Polytechnic Institute. 


| life 


W. L. PEARL is manager of the Chemical Engi- — 4 
neering Unit at General Electric’s Vallecitos § t 

Atomic Laboratory, San Jose, Cal. He has been © 0 
with GE’s commercial atomic power interests since wh 


1945 and has a BS in chemical engineering from 








the University of Washington and an MS and PhD & in 
from the Institute of Paper Chemistry. He is 2) 
member of NACE, ACS, AIChE and ANS. ; 

(Continued on Page 54) lor 
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Doyle Harris, Terminal Supt. for Pontiac Refining Corp., says: 


“We like both the long service life and 
easy application of Bitumastic coatings” 


Pontiac’s 45,000 bbl/day refinery at Corpus 
Christi, Texas ships much of its finished product 
from deep-water loading facilities, completed in 
1953, which can handle 15-20 tankers a month. 

Terminal superintendent Doyle Harris has the 
responsibility for maintenance of these docking 
facilities and the miles of pipeline leading to them. 
And, as Mr. Harris puts it, ““These dock lines take 
a beating. Salt spray and actual immersion during 
storms cause severe corrosive attack on the steel.” 

Before deciding on a standard coating system for 
these lines, Mr. Harris conducted an “on-the-job” 
test of various coatings. The Bitumastic system 
tested consisted of one hand-brushed coat of Bitu- 
mastic No. 50 with a second coat of Bitumastic 
No. 28, specially formulated for outdoor exposure, 
applied in the same way. “The combination of these 
two Bitumastic coatings increased coating system 
life on these lines 100%,” says Mr. Harris, “and 
application is so simple, we can use unskilled labor 
to do the work.” Pontiac uses these coatings else- 
where, too, for protection of tank roofs and lines 
in both terminal and refinery areas. 

Bitumastic coal-tar based coatings can give you 
long-lasting protection for plant and equipment. 
There are seven individual Bitumastic coatings to 


choose from so you get the one best solution to any 
particular corrosion problem. Call your Bitumastic 
distributor for more information, or use the coupon 
below. Koppers Company, Inc., Tar Products Di- 
vision, Pittsburgh 19, Pa. District Offices: Boston, 
Chicago, Los Angeles, Pittsburgh, New York and 
Woodward, (Birmingham) Alabama. In Canada: 
Koppers Products, Ltd., Toronto, Ontario. 


2\ KOPPERS 
KOPPERS BITUMASTIC 


COATINGS & ENAMELS 


” ... another fine product of COAL TAR 


Koppers Company, Inc., Tar Products Division 
Dept. 100A, Pittsburgh 19, Pa. 


Gentlemen: 
coatings can give my plant and equipment. 
i 


City_ statin aa SI 





I'd like to know more about the protection Bitumastic 


| Sees We oe 


Address eed ge a ec at 
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YOUR centra/ source for all phases 


of corrosion prevention 


TT tO ae 


CPS is in a unique position to serve 
you as a central source for all phases of 
corrosion mitigation. On any job — new 
or old — small or large. 

CPS offers cathodic protection on a 
single packaged basis. By this we mean, 
first: CPS furnishes its own engineering 
crews. They obtain the necessary infor- 
mation to complete the detailed design of 
a cathodic protection system. Second: 
CPS furnishes all materials required to 
complete a job such as: Good-All Recti- 
fiers, CPS-Great Lakes Graphite Anodes, 
Dow-Magnesium Anodes, Rome Cable 





and Polyken polyethylene tape to name 
just a few. 

Cathodic Protection Service, this year, 
is celebrating their 10th Anniversary at 
the 4601-6 Stanford Street address. Their 
facilities are pictured above. CPS will be 
located on the new super Southwest Free- 
way now under construction. Completion 
of this freeway will allow CPS to offer 
faster delivery service to all customers. 

Phone, wire or write us concerning 
how our single packaged cathodic protec- 
tion can provide you cost-cutting advan- 
tages on your next job. Finding out will 
save you money! 


Cable Address — CATPROSERV 


cathodic protection service 





P. O. BOX 6387 HOUSTON 6, TEXAS JAckson 2-5171 


NEW ORLEANS’ TULSA 
122 S. Michigan Blvd., Rm. 964 1627 Felicity 4407 S. Peoria 1620 S. Brownlee 5425 Andrews Hwy. 
WEbster 9-2763 JAckson 2-7316 Riverside 2-7393 TUlip 3-7264 EMerson 6-6731 


CORPUS CHRISTI ODESSA 


wal 
e 
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MILLER H. PETERSON is a member of the 
Marine Corrosion Section, Physical nay 
Branch in the Metallurgy Division of the U. S. 
Naval Research Laboratory, Washington, D. C., 
where he has been part of a group working on 
cathodic protection of naval vessels. He has a BS 
in chemistry from Clemson College and an MA in 
analytical chemistry from the University of North 
Carolina. 


E. H. PHELPS is assistant division chief in the 
Chemical-Metallurgy Division, es Research 
Laboratory, U. S. Steel Corp., Monroeville, Pa. 
A member of NACE and the Electrochemical So- 
ciety, he has a BS from Clarkson College of Tech- 
nology and an MS and PhD from Case Institute 
of Technology. 


F. J. PLOEDERL, a business partner in Wiscon- 
sin Protective Coating Co., Green Bay, Wis., has 
been in corrosion control work over 20 years. 
Active in NACE work, he will be chairman of 
the protective coatings symposium at NACE’s 
1961 Conference in Buffalo, N. Y. He has pre- 
sented several papers on corrosion and has par- 
ticipated in short courses on corrosion at the 
University of Wisconsin and Case Institute of 
Technology. 


DAVID KENNETH PRIEST is manager of the 
applied research department, Pfaudler Division, 
Pfaudler-Permutit, Inc., Rochester, N. Y. He has 
a BS, MS and PhD from Ohio State University, 
where he was a research associate for two years. 


P. R. PUCKORIUS is a staff engineer in the 
water stabilization department of Nalco Chemical 
Company. His principal work is on cooling water 
treatments. A member of NACE, ACS and AWWA, 
he has a BS in chemistry from North Central 
(Illinois) Coilege and has co-authored several 
papers on corrosion treatments and evaluation in 
cooling water systems. 


CHARLES W. RALEIGH is a chemical engineer 
in the Special Projects paeraneey at Food Ma- 
chinery and Chemical Corp., Buffalo, N. Y. His 
work is in liquid propellants for missiles. He has 
a BS in chemical engineering from Northeastern 
University. 


T. L. RAMA CHAR is_assistant professor in 
physical chemistry at the Indian Institute of Sci- 
ence, Bangalore, India. He directs electrochemical 
research in electrodeposition and gorrosion of 
metals and has published over 80 technical papers. 
He is a member of the Electrochemical Society, 
Institute of Physics, Royal Institute of Chemistry, 
Institution of Metallurgists and Indian Institute of 
Chemical Engineers. 


VICTOR G. REILING is president of Modern 
Industrial Plastics, Inc., Dayton, Ohio. He has a 
BS in electrical engineering from the University of 
Dayton and a MS in physics from the University 
of Notre Dame. He is a member of the Society 
of Plastic Engineers. 


MAX S. ROBINSON has been employed in rocket 
propellants work with the Martin-Denver Com- 
pany since 1958. He has a BS in chemical engi- 
neering from the University of Utah. 


GILSON H. ROHRBACK has been associated 
with Magna Products since 1952 and formerly was 
with the California Research Corporation. He has 
a PhD in chemistry from the University of Wash- 
ington. 


DAVID ROLLER is cor 
tor at Magna Products, Inc. A member of NACE, 
he is chairman of Technical Committee T-5B. 
Before joining Magna Products recently, he was 
senior project engineer at Wright Air Development 


Center in Ohio. 


HENRY T. RUDOLF is president of Atlantic 
Coatings, Co., Inc., Jacksonville, Fla. An NACE 
member in the Jacksonville Section, he has sev- 
eral technical articles published on corrosion and 
surface preparation by blasting. He has two engi- 
neering degrees from Lafayette College. 


W. J. RYZNER is a senior chemist in the Physical 
Chemistry Department of Nalco Chemical Company. 
Currently he is engaged in research and development 
of corrosion and scale inhibitors for cooling water 
systems. He has a BS in chemistry from St. Mary’s 
College and is a member of NACE. 


EDWARD SCHASCHL is affiliated with Pure Oil 
Research Center, Crystal Lake, IIl., where he is 
working on research problems in metallurgy and 
corrosion. He has a BS in chemical engineering 
from Illinois Institute of Technology. 


N. T. SHIDELER is manager of protective coat- 
ings research for Pittsburgh Coke & Chemical 


rate project administra- 
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Company. Most of his professional career has been 
in the field of coal tar coatings. He has a BA in 
chemistry from Indiana University. 


GEORGE P. SIMON is associated with the chem- 
istry development section of the Bettis Atomic 
Power Laboratory, Pittsburgh, Pa. For the past 
five years he has been doing corrosion studies of 
construction materials and developing useful tech- 
niques in evaluating ion-exchange materials. 


E. N. SKINNER, JR., is affiliated with Interna- 
tional Nickel Co., Inc., where his activities have 
been in alloys selection for high temperature serv- 
ice. He is an NACE member and has a PhD in 
metallurgy from Yale University. 


HAROLD J. SMITH since 1955 has been with 
General Electric’s Metallurgy and Ceramics Labo- 
ratory, Major Appliance and Receiver Divi- 
sion, Appliance Park, Louisville, Ky. For six years 
he was chemist and metallurgist at Fairmont 
Aluminum Company and later was metallurgist at 
Tube Turns. Active in NACE, he is chairman of 
the Ohio Valley NACE Section. 


CHARLES R. SOUTHWELL is a materials Engi- 
neer for the Naval Research Laboratory. His work 
there is concerned with the study of deterioration 
of metals, woods and protective coatings in tropi- 
cal environments. He is a member of NACE and 
has published several technical articles on pro- 
tective coatings. 


D. O. SPROWLS is a research engineer in the 
chemical metallurgy division of Alcoa Research 
Laboratories. His work has been on evaluation of 
the corrosion resistance and stress corrosion crack- 
ing of aluminum alloys. He is a member of 
NACE and ASM and has a BS in chemical engi- 
neering from Drexel Institute of Technology. 


W. H. STEWART, former NACE president (1957- 
58), is affiliated with Sun Oil Company, Beau- 
mont, Texas. He was a member of the original 
committee organized as the Mid-Continent Ca- 
thodic Protection Association, which subsequently 
became NACE. He also has served on NACE’s 
Board of Directors (1955-58) and was the first 
chairman of Technical Group Committee T-2 on 
Pipe Line Corrosion. 


J. SUNDARARAJAN is doing his doctoral work 
on the inhibition of corrosion of aluminum in the 
Electrochemistry Laboratory of the Indian Insti- 
tute of Science, Bangalore, India. He has a BS 
and MS in physical chemistry and has published 
several papers on corrosion and related topics. 


HENRY SUSS is a material engineer at General 
Electric’s Knolls Atomic Power Laboratory, Sche- 
nectady, N. Y. He has a BS from New York 
University and an MA from Columbia University. 
He has been in corrosion work for 12 years. 


L. LEROY SWAN is supervising engineer with the 
Electrical Coordination Group in the Chicago 
Area Transmission Maintenance and Coordination 
Section of the Illinois Bell Telephone Company. 
He is a member of NACE in the Chicago Section. 


MAX A. SWIKERT is engaged in applied and 
fundamental lubrication and wear research at the 
National Aeronautical Space Administration’s Lewis 
Flight —* Laboratory in Cleveland, Ohio. 
He has a BS in mechanical engineering from Tri- 
State College. 


DONALD E. TAYLOR is a research engineer at 
the Chicago Midway Laboratories, University of 
Chicago. He has a BS and MS in_ mechanical 
engineering from the University of Illinois. For- 


merly he was associated with the Armour Re- - 


search Foundation. 


R. D. TAYLOR is manager of the development 
department, American Smelting and Refining Co., 
Federated Metals Division. He has had 15 years’ 
experience in design, manufacture, installation and 
appraisal of magnesium and zinc anodes in ca- 
thodic protection installations. He has been with 
Asarco for 20 years. 


WILLIAM T. THEIS is affiliated with Internal 
Pipeline Maintenance Company, Odessa, Texas. 
He. is an engineering graduate of Kansas State 
University. Before joining his present company in 
1953, he was in ordnance research for a hydraulic 
and pneumatic equipment manufacturer. 


F. W. THOMPSON is a materials engineer in the 
fields of protective coatings, thermal insulation and 
ceramics for the du Pont Company. He is a mcm- 
ber of ACS and ASM and has a BS in ceramic 
engineering from Virginia Polytechnic Institute. 


JOHN VAN BLADEREN has been with the 
Northwest Natural Gas Company since 1949 and 
has been corrosion engineer with the firm since 
1955, working on design and installations of corro- 
sion control for gas mains. He is an NACE mem- 
ber and is chairman of the Portland Section. 


ELLIS D. VERINK, JR., is head of the chemi- 
cal section, Development Division, Aluminum Com- 
pany of America. He has been an NACE director 
and Pittsburgh Section officer. He has a BS in 
metallurgical engineering from Purdue University. 
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D. C. VREELAND, 
ASM, is associated with the A 
Laboratory, U. S. Steel ae. onroeville, Pa, 
For the past year and a half he has been working 
on corrosion of steel in boiling water reactor en- 
vironment with General Electric’s Atomic Power 
Equipment Department. He has a BS from An- 
tioch College and an MS in metallurgy from Ohio 
State University. 


LEO J. WALDRON is head of the Marine Cor- 
rosion Section, Physical Metallurgy Branch in the 
Metallurgy Division of the U. S. Naval Research 
Laboratory, Washington, D. C. He has been with 
the Laboratory for the past nine years working 
on cathodic protection of naval vessels. He has a 
BS and MS in chemical engineering from Michi- 
gan State University. 


JESSE D. WALTON, JR., is head of the ceramics 
branch of the Engineering Experiment Station at 
Georgia Institute of Technology. His work is in 
the fields of protective coatings for metals, ceramic- 
metal systems, thermal protective systems and high 
temperature technology, instrumentation and 
equipment design. 


GEORGE W. WARDWELL is chief engineer and 
assistant to the vice president of manufacturing at 
Rolock Inc., Fairfield, Conn. He has a BS in 
mechanical engineering from Cooper Union Insti- 
tute of Technology and is a member of ASM. 


JOHN L. WEIS is affiliated with Diamond Alkali 
Co., Pasadena, Texas. Formerly he was with 
Phillips Chemical Company. An NACE member 
since 1952, he has a BS in mechanical engineering 
from New Mexico A & M College. His experience 
has been in maintenance of protective coatings on 
mobile, dock and other plant equipment in a 
chemical-salt water atmosphere. 


W. C. R. WHALLEY joined the Iraq Petroleum 
Company in 1937. In 1945 he was appointed senior 
corrosion engineer. He has a MS in chemical engi- 
neering from the Imperial College, London. 


a member of NACE and 
lied Research 


D. E. WHITE is a materials application engineer 
at Westinghouse’s Bettis Atomic Power Laboratory. 
He has a BS from the U, S. Merchant Marine 
Academy and a BS in metallurgical engineering 
from Case Institute of Technology. 


EARL L. WHITE has been engaged in corrosion 
and chemical research at the Battelle Memorial 
Institute for the past 11 years. He has a BS in 
chemistry from hen College and a MS in 
chemical engineering from Ohio 


F. C. WHITTIER is supervisor of protective coat- 
ing research and development at Pittsburgh Coke 
and Chemical Company. Formerly he was with 
United States Testing Laboratories. An NACE 
member since 1951, he is a graduate of Bowdoin 
College. 


W. LEE WILLIAMS is head of the metals division 
at the U. S. Naval Engineering Experiment Sta- 
tion. He has a BS in chemical engineering from 
Antioch College and has published several techni- 
cal articles on stress corrosion cracking of stain- 
less steels in hot water and steam environments. 


PATRICK H. WOODS is a senior chemist in the 
Chemical Metallurgy Section of Reynolds Metals 
Company. His work has involved corrosion of 
automotive engines, pitting of aluminum contain- 
ers, surface staining and finish specifications. He 
is a member of NACE and ASM and has a BS 
from Randolph-Macon College and a PhD from 
Baylor University. 


tate University. 


NOW You Can Get 
PHOTOFACSIMILE 
COPIES 
f 


° 
NACE Literature 
Previously Unavailable 
Because of Exhausted 
Stocks 
COST: 
15c Each Page 


Remittance in Advance on 
Orders Less than $5.00 
Minimum Charge 50¢ 
In Placing Orders Give Complete Reference Data 
Copies of NACE Material Only Covered by This Offer 


Send Order and Remittance to: 


NATIONAL ASSOCIATION 
OF 
CORROSION ENGINEERS 


1061 M & M BLOG. HOUSTON 2, TEXAS 
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“@! TRY THE NEW CORR-PREV TAPE COATING 
TEAM ON A TEST SECTION OF PIPE... 


‘tor en- 

- Power | 

om An- Ff 

m Ohio 
Here at last is a one-source corrosion-fighting team that has 
everything you've asked for in protective pipe coatings! The new 
CORR-PREV Tape Coating Team is a complete package of pipe 
protection — including the high-speed wrapping machinery! 

It features two basic components: 


Chasekote™ 


Polyethylene Tape A pressure-sensitive protective tape coating of 
tough, inert polyethylene — unequalled as a pipe protection barrier against 
water, galvanic and chemical corrosion. Has an extra-heavy adhesive mass 
for fast, permanent tape-to-metal bond ... 100% interface contact. . . self- 
sealing at the lap. 
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hasewrap” 


Abrasion-Resistant Overwrap A flexible, wrinkle-free overwrap 
material that effectively shields against backfill and soil stress damage. 
Wraps simultaneously with tape. Superior to rag and felt wraps, yet lower 
in cost. 
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Test this new CORR-PREV Tape Coating Team on a section of your 
own pipe. It’s quicker, simpler, cleaner to apply. CHASEKOTE 

and CHASEWRAP go on right from the roll . . . factory-uniform 

in quality and thickness. You get longer-lasting pipe protection at 
lowest applied cost. 

Moreover, it’s a proven fact; CORR-PREV polyethylene tape 
coatings require less than one-third the cathodic protection current 
demand of conventional hot coats! 


FREE ! sample Rolls of CHASEKOTE and CHASEWRAP 


*Trade name of Chase & Sons, Inc., long-famous for protective and insu- 
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Oil & Gas 


Transmission Lines a lating tapes for electrical wire and cable. 
nes 


SCT EIR 2 SET RMON E TES 


MAIL COUPON TODAY! 


Chase & Sons, Inc., CORR-PREV Division 
ORR-PREV 26 Spruce Street, North Quincy, Mass. 
DIVISION Gentlemen: 


Please send me FREE sample rolls and complete information about 
your new CORR-PREV Tape. Coating Team — CHASEKOTE and 
CHASEWRAP. 


Refineries & 
Gathering Systems 
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Authors of Technical Papers, 16th Annual NACE Conference 
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Chromium Metal Tubing Is 
Successfully Extruded 


First successful extrusion of pure 
chromium metal tubing has been accom- 
plished on an experimental basis. Chro- 
mium powder was cold-compacted into 
a mild steel conta‘ner, heated, placed in 
a 1000-ton press and extruded over a 
mandrel. 

The resulting chromium tubing was 
said to be nearly perfect in form with 
a density closely approaching the theo- 
retical density of pure chromium metal. 
The experiment was conduced by James 
Wong, Nuclear Metals, Inc., with Union 
Carbide Metals Company furnishing the 
pure chromium powder. 

Extruded chromium is hot-ductile but 
brittle at room temperatures. If it could 
be made ductile, metallurgists say the 
metals would be very useful as a corro- 
sion and oxidation resistant material. 
Alloyed, it should have good strength 
at high temperatures and would be par- 
ticularly useful for “skin” and structure 
ot missiles and high speed aircraft and 
to contain exhaust gasses of rockets and 
Jet engines. It might solve the problem 
ot containing nuclear fuel elements. 
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Maintain 
Coating Application 
Standards 
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8 ce 
%e 


es ee 
*Peccccccccceceee®® 


INSPECT 


WITH A 


Engineering Note: 


To insure a perfect application, 
your specifications should include 
TR holiday detector inspection. 
Write for specification guide. 


Write today for 
technical data and bulletin. 


@ Locates Skips & Holidays! 
@ Insures Complete Coverage! 


@ Insures Complete Protection at 
Critical Welds & Corners! 


A tiny pinhole “holiday” in the pro- 
tective coating allows a foothold for 
corrosion to undercut the coating. 
Progressive corrosion follows with 
peeling, scaling and ultimate failure. 


You can’t see these deadly “holidays,” 
they become visible only when it’s 
too late. 


The M-1 TR Holiday Detector accu- 
rately and quickly finds pinholes and 
bare spots in thin film protective coat- 
ings. In operation an electrode is 
passed over the surface. On encoun- 
tering a void or bare spot, a small cur- 
rent flows and a bell rings. Maximum 
applied voltage is 6714 V. 


Different models of TR Holiday Detectors 
are available for pipe or flat surfaces, 
damp or dry surfaces and for portable or 
production line operation. 


Quality Control for Coating Application 


TInNERER & RASOWR 
417 Agostino Road, P.O. Box 281 + San Gabriel, California 
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You could almost paint in the rain 


Carbo Zine 11 





CARBOLINE’S NEW ZINC FILLED INORGANIC 
COATING FOR GALVANIC PROTECTION OF STEEL 


Becomes water insoluble 20 
minutes after application 


Sudden rainfall, night condensation or rising tide will not wash it 
off or affect curing. 


Carbo Zinc 11 is not only a new coating, it is a new concept in zinc 
filled inorganic coatings, with desirable properties not found in other 
protective coatings. In only 20 minutes the coating becomes insoluble 
in water. It can be applied directly to damp surfaces, in 90-100% 
humidity and at temperatures as low as 0°F. 

Only one coat provides long-lasting galvanic protection to steel 
surfaces in marine, coastal and offshore environments. It is also 
insoluble in organic solvents, and is highly recommended for lining 
of solvent storage and cargo tanks. And look at its other out- 
standing characteristics: 


e Prevents subfilm corrosion 
Excellent water, brine and solvent resistance 


Economical — low material, surface preparation and application 
costs 


Does not blister — cures from inside out 
No curing solution required 
Brush or spray application 


In non-immersion service, can be applied over a commercial blast, 
brush blast or wirebrushed surface 


Write today for complete information, technical data, uses 
and sample of this remarkable new coating—Carbo Zinc11. 


*Patent applied for 


COM PAN Y Specialists 
in Corrosion Resisting 


32-A Hanley Industrial Ct. Coatings and Linings. 
St. Louis 17, Mo. s 
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Which Way Do Corrosive Fumes Blow? 





WHICH WAY will the fumes blow? Questions about the weather which can help industries affected by 
dramatic changes are being answered by research at Lockheed Aircraft’s Meteorological and Applied Re- 


search Service, Marietta, Ga. 
Nuclear Laboratory near Dawsonville, Ga., 
versions, emphasized by smoke from smudge pots. 





Tantalum Reactor 
Vessels Resist Most 
Acid Corrosives 


Tantalum lined reactor vessels which 
will hold most acidic corrosives up to 
the limit of current test temperatures 
have been studied, according to a recent 
issue of “Industrial Research Newslet- 
ter’ published by Armour Research 
Foundation of Illinois Institute of Tech- 
nology. 

The unit tested was a 30-gallon, 1000- 
pound vessel with 5é-inch thick Type 
430 stainless steel walls and a 0.030-inch 
tantalum lining. 


Another item in the newsletter de- 





This tower and smudge pot arrangement is used at Lockheed’s Georgia 
to study intensity and direction of low level temperature in- 





scribed improved specifications for va- 
nadium which include reduction of hy- 
drogen content by 90 percent and 
nitrogen and carbon contents by 50 per- 
cent. Analyses of 500 and 1000-pound 
lots showed the sum of carbon, oxygen, 
hydrogen and nitrogen to be about 0.1 
percent. 

A new stainless steel powder, accord- 
ing to the newsletter, can make stainless 
steel shapes of more than 95 percent 
theoretical density. Composition of pow- 
der is similar to Type 316 or CF-MO 
alloys. Mechanical properties of the sin- 
tered shapes closely approach those of 
wrought shapes. The powder may have 
potential uses in gears, bushings and 
other shapes exposed to aggressive cor- 
rosion. e 


Portland Section’s Corrosion Control 
Short Course will be held April 27-29. 


59 








Scientists Predict 
Long Range Weather 
To Help Industries 


When an industry considers a new 
location, the direction in which objec- 
tionable fumes will blow with what 
frequency becomes an important ques- 
tion. This and other weather informa- 
tion relative to industries and utilities 
are being studied and predicted with 
considerable accuracy by meteorologists 
at Lockheed Aircraft’s Meteorological 
and Applied Research Service, Marietta, 
Ga. 

These scientists have refined U. S. 
Weather Bureau information to predict 
atmospheric variable affecting missile 
trajectories at 80,000 foot altitudes. 
Using modern electronic analysis and 
diversified experience, they expect to 
develop new concepts of weather infor- 
mation to benefit the public, military 
programs, industry and agriculture. 

Current proposals include a study of 
the rise and fall of rivers supplying 
water for hydro-electric public utilities, 
a long range low temperature forecast 
for a natural gas company to insure an 
adequate supply of gas during sudden 
temperature drops and a projection of 
these studies into other industries such 
as major construction projects, railroads 
and long distance truck lines. 

The value of long range forecasting 
is illustrated by the recent power failure 
in New York City caused by an over- 
load from air conditioners. If an ade- 
quate evaluation of the city’s heat wave 
had been made well in advance, provi- 
sions for additional power could have 
met the emergency rather than risk 
suspension of necessary services. 

Another case of the usefullness of 
long range weather forecasting is a pub- 
lic utility which depends on a combina- 
tion of water power and coal. The com- 
pany should know the anticipated 
precipitation in its watershed months in 
advance so that adequate but not an 
overabundance of fuel could be stored 


Translations Continued 
Of 4 Russian Publications 


Translation and publication of the 
1959 issues of four leading Russian tech- 
nical journals will be continued by the 
Instrument Society of America under a 
grant by the National Science Founda- 
tion. 

The four Russian journals are Meas- 
urement Techniques, Instruments and 
Experimental Techniques, Automation 
and Remote Control and Industrial Lab- 
oratory. Both 1958 and 1959 issues are 
available. 

Subscriptions and additional informa- 
tion can be obtained from the Instru- 
ment Society of America, 313 Sixth 
Ave., Pittsburgh 22, Pa. 


BOOK NEWS 


Proceedings of the Fourth Annual Un- 
derground Corrosion Short Course. 
Edited by R. E. Hanna, Jr. 644 pages, 
6 x 9 inches, paper cover. October, 
1959. Technical Bulletin No. 56. Engi- 
neering Experiment Station, West 
Virginia University, Morgantown. Per 
copy, $7.00 

Consists of the lectures given during the 

Fourth Annual Appalachian Under- 

ground Short Course at Morgantown, 

W. Va., June 2-4, 1959. The lectures 

were divided into: Basic, intermediate 

(pipe); intermediate (cable), advanced, 

water systems, pipe coatings, instru- 

ments, special topics and field demon- 
strations. 

Information and data in the lectures 
is voluminous and for the most part, 
organized for practical application. Most 
of the lecturers are engineers with ex- 
tensive experience in their respective 
spheres and qualified to give useful in- 
struction. 

The volume is liberally illustrated, has 
numerous tables and graphs, includes 
pertinent references at the ends of many 
lectures, and a registration list of those 
attending the course. 

The 68 papers printed contain data 
likely to be useful to any engineer or 
engineering department concerned with 
underground corrosion. Although ac- 
cessibility of the data would have been 
improved by a subject index, the fact 
that titles are explicit and most papers 
reasonably short makes it possible to 
locate needed information without ex- 
cessive effort. 


How to Invent by Forrest E. Gilmore. 
89 pages, 5 x 73 inches, cloth. 1959. 
The Gulf Publishing Co., Houston 1, 
Texas. Per copy $2.50. 

A book designed to encourage engineers 
to use their capacity for invention in 
their work and otherwise. Written in 
an easy, relaxed style, the author de- 
scribes the process of creative thinking, 
use of intuition and imagination, prep- 
aration for inventing, why it is helpful 
to learn to invent. 

A system of making a first invention, 
general information about patent laws 
and some personal observations by the 
author on the thought processes essential 
for invention. 


New Navy Cleaning Agent 
Helps Control Corrosion 


A cleaning composition that acts as 
an anti-rust agent and which cleans fuel 
oil from electrical equ’pment without 
harming insulation, metal or humans has 
been developed by the Navy. Relatively 
harmless to electrical insulation, less 
flammable than the fuel oil, free of skin 
irritants and non-toxic, it has four com- 
ponents: hydrocarbon solvent, surfac- 
tant, penetrant, and water. An illustrated 
report titled “Salvage of Flooded Elec- 
trical Equipment” on this new cleaning 
process is available from Office of Tech- 
nical Services, Department of Com- 
merce, Washington, D. C. 

e 


Houston Section’s 5th annual corrosion 
control short course will be held Janu- 
ary 28-29 at the Rice Hotel, Houston, 
Texas. 
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Corrosion of lron in Distilled Water 


Depends on Crystallographic Face Exposed 


Rate of corrosion of iron in distilled 
water depends on which of three prin- 
cipal crystallographic faces is exposed, 
according to experiments conducted by 
Jerome Druger of the National Bureau 
of Standards. 

Initial experiments were conducted 
with iron single crystals grown in the 
shape of a %-inch sphere from an ingot 
having 2460 ppm impurities. Flat sur- 
faces were cut parallel to the 100 cubic 
110 dodecahedral and 111 octahedral 
planes. The plane surfaces were polished 
mechanically then chemically. 

A single crystal exposed for three 
hours in distilled water at room tem- 
perature sustained severest corrosion on 
the 110 plant. The 100 plant had ap- 
proximately one-half and the 111 ap- 
proximately one-quarter as many pits 
as the 100 plane. These results were 
similar to those obtained in previous 
studies of copper and aluminum. 

Additional studies were made using 
iron of higher purity and specimens hav- 
ing large grains of many different sur- 


PERIODICALS 


Petroleum Today. Quarterly. First is- 
sue, Autumn, 1959. American Petro- 
leum Institute, 1271 Avenue of the 
Americas, New York 20, N. Y. 

Designed to acquaint readers with pe- 

troleum’s achievements and its prob- 

lems in supplying the basic source of 
energy, lubricants and other products. 

Purpose of the publication is to con- 

tribute to the public’s understanding of 

the petroleum industry. 


New Inventions Needed 
By Armed Forces 


Over 300 new ideas from civilian 
inventors are needed to help solve 
some baffling problems facing the 
U. S. armed forces. 

Some of the new ideas needed 
include a new propellant for long 
range space vehicle flights, a 
paper based material for clothing 
that can be worn and thrown 
away and instant sauces, dress- 


ings and condiments to make serv- 
icemen’s dehydrated 
palatable. 


foods more 

Other problems include seals 
needed to prevent gas leakage at 
exceedingly high pressure and 
heat and a method to prevent for- 
mation of water in small bore 
rifle barrels, perhaps by destroy- 
ing surface tension. 

The National Inventors Coun- 
cil, U. S. Department of Com- 
merce, Washington 25, D. C., is 
soliciting suggestions to help solve 
the 300 different problems. A list 
of the problems can be obtained 
from the Council, which serves as 
liaison between the armed forces 
and the nation’s civilian inventors. 


face orientations. The same relation of 
severity of corrosion to crystallographic 
orientation obtained in each case. 

In addition to attempting to find prac- 
tical benefits, the experiments also had 
the goal of securing additional basic 
information on corrosive properties of 
metals and the mechanisms involved in 
the corrosive process, 

Further details have been published in 
Mr. Kruger’s article “The Influence of 
Crystallographic Orientation on the Pit- 
ting of Iron in Distilled Water,” in the 
Journal of the Electrochemistry Society, 
Vol. 106, page 736, 1959. 


Japanese Journal 
Publishes Papers 


The following papers with corrosion 
interest were listed in Tetsu-To-Hagane 
Abstracts, No. 8, Tokyo: From the 55th 
Grand Lecture meeting, No. 14—Studies 
on the Mechanism of Corrosion Against 
Refractories From a Zebra Roof of a 
3asic Open Hearth Furnace by T. Ato 
et al. No. 72—Determining the Funda- 
mental Conditions in Peening. 1. Rela- 
tion Between the Dent Size, Density 
and the Fatigue Strength, by K. Kami- 
shohara, et al. 73—Study of Acid Pick- 
ling. 1. On the Interference of Ferrous 
Sulfate, R. Kawabata et al. 75—Study 
on the Annealing of Steel Sheets for 
Galvanizing by T. Matumoto et al. 125— 
Effects of Nitrogen on Ni-Cr Alloys by 
R. Yode, et al. There were 128 papers 
presented. 

At the 56th Grand Lecture Meeting. 
75—Study on the Corrosion of Tin Plate 
by H. Asano et al. 105—Corrosion Test- 
ing Stainless Steels in an Experimental 
Oil-Distillation Apparatus by H. Hase- 
gawa et al. There were 116 papers pre- 
sented. 

Copies in Japanese of these papers 
may be obtained from the Japanese Iron 
and Steel Institute, Naka-114-go-kan, 
10 Marunouchi-2-chrome, Chiyodaku, 
Tokyo, Japan. 


8 Corrosion Papers Given 
At Recent ASME Meeting 


Eight technical papers on corrosion 
were presented at the Nov. 30-Dec. 4 
annual meeting of ASME held in At- 
lantic City, N.J. 

Five of the eight papers were given 
on a session dealing with corrosion in 
high pressure boilers. These included 
“Relation of Plant and Boiler Design 
to Corrosion in High Pressure Boilers.” 
“Theories of Corrosion in High Pres- 
sure Boilers,” ‘Relation of Plant and 
Boiler Operation to Corrosion in High 
Pressure Boilers,” “Relation of Plant 
and Boiler-Water Chemistry to Corro- 
sion in High Pressure Boilers” and “A 
Metallurgical Look Into the Future.” 

The other three corrosion papers were 


entitled “An Experimental Investiga- 
tion of Fuel Additives in a Super- 
charged Boiler,” “Corrosion of Super- 


heaters and Reheaters of Pulverized- 
Coal Fired Boilers” and ‘External Cor- 
rosion of Superheaters in Boilers Firing 


High Alkali Coals.” 
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Soybean and Linseed Oils 
Used for Aluminum Coating 


Soybean and linseed oils provide 
tough, flexible coatings for aluminum 
and black, according to tests by De- 
partment of Agriculture chemists as re- 
ported by the Building Science News, 
publication of the Building Research 
Institute. The coatings resist abrasion, 
alkalis, acids and such solvents as alco- 
hol, mineral oil and benzene and also 
withstand heat. Use of soybean and lin- 
seed oil films in adhesives, concrete and 
masonry paint is being studied by the 
Department of Agriculture. 


New Adhesive for Rails 


A thermosetting adhesive which bonds 
rail joints better than bolted joints has 
been developed by United States and 
Canadian railways. Present bolted rail 


joints often do not hold rail ends rigid. 
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Under load, rail ends batter and spall. 
The new thermosetting adhesive bonds 
by forming a molecular link between 
itself and the material bonded. The 
product was developed by Armstrong 


Cork Co. 
English Corrosion Group 
To Give Technical Papers 


Several technical papers on corrosion 
have been scheduled for presentation 
before the Corrosion Group of the 
Society of Chemical Industry in Eng- 
land for meetings in 1960: 

January 13: Corrosion Problems of 
High Temperature Pressurizéd Water 
Reactors, by J. N. Wanklyn. 

_ February 11: Recent Research on the 
Corrosion and Protection of Iron and 
Steel, by J. C. Hudson. 

February 17: Adsorption on Elec- 
trodes and its Relation to Rates of Elec- 
trode Processes, by R. Parsons. 
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March 7: Corrosion Problems of High 
Temperature Pressurized Water Reac- 
tors, by J. N. Wanklyn. 

March 16: The Mechanism of Inhibi- 
tion in Neutral Aqueous Solutions, by 
D. M. Brasher. 

April 6: The Presentation of Corro- 
sion Information, by J. E. Jenkin. 

April 21: Electrode Processes in Pri- 
mary Batteries, by D. H. Collins. 


Cooling Tower Rot Study 


Redwood rot in large cooling towers 
on the Texas Gulf Coast has been 
studied by the California Redwood As- 
sociation. It was found that chlorine 
used to control bacteria, fungi, molds 
and algae also reacted with the redwood 
to make it more vulnerable to damaging 
biological attack. A change to a non- 
oxidizing algaecide does a better job of 
killing microorganisms and acts on the 
wood as a surface disinfectant. 
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CATHODIC PROTECTION 
Y Installation 


uf DESIGN 
ENGINEERING CORP. 


P.O. Box 1169 © FAirfax 3-6858 * Houston 1, Texas 


SURVEYS 


cathodic protection service 


Twenty cathodic protection 
engineers with a combined 
total of over 150 years experi- 
ence available to serve you 
with ABILITY and INTEGRITY. 


Houston: 4601 Stanford St. 


Branch Offices: Chicago @ Corpus Christi 
New Orleans @ Odessa @ Tulsa 


CATHODIC 
PROTECTION 
by 


SURVEYS + DESIGNS 
INSTALLATIONS | 


CORROSION RECTIFYING CO., INC. 


5310 ASHBROOK + MO 7-6659 
HOUSTON 36, TEXAS 


CORROSION SERVICE LIMITED 
Offers in CANADA 


A Complete Service in Corrosion Engineering 


Design and Installation of Cathodic Protection 
Systems. 
_ Resistivity and Electrolysis Surveys 
Selection and Application of Protective Coatings. 


17 Dundonald St., Toronto, Canada 













CORROSION ENGINEERING 


EBASCO SERVICES 


INCORPORATED 


TWO RECTOR STREET, NEW YORK 6, N. Y. 
CHICAGO © DALLAS * PORTLAND, ORE. 
SAN FRANCISCO * WASHINGTON, D. C. 





























Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 
Cathodic Protection Design 
Plans * Specifications 
Electrolysis Control 

Testing 


BELLEVILLE 9, NEW JERSEY 
Atlanta * Chicago * Dallas * Monrovia 


CATHODIC PROTECTION 
e ENGINEERING 
@ SURVEYS e@ CONSTRUCTION 


Systems for conventional and 
specialized applications 


THE HARCO CORPORATION 


4592 East 71st St. VUlcan 3-8787 
Cleveland 25, Ohio 


THE HINGHMAN CORPORATION 
Consulting Engineers 
“WORLD-WIDE ACTIVITIES” 
Survey « Design « Supervision 


Specializing In 
Corrosion Control e  F.C.C. Certification Tests 
Electromagnetic Interference Studies 


Francis Palms Bldg. Detroit, Mich. 





Interprovincial 
Corrosion Control Company 
Limited 


jcc 


100 E i Bldg. P. 0. 8 167 
Goleta Rika” CANADA ian Ont. 
CONSULTING ENGINEERS 


Survey — Design — Materials and Equipment — 
Installations 


A. V. SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 


119 Ann Street 
Hartford 3, Conn. 


Essex Bldg. 
Narberth, Pa. 
























SOUTH FLORIDA TEST SERVICE 
INCORPORATED 


Testing—Inspection—Research— 
Engineers 


Consultants and s: 


cialists in corrosion, 
weathering an 


sunlight testing. 
4301 N.W. 7th St. * Miami 44, Florida 


FRANCIS W. RINGER ASSOCIATES 


®@ Consulting 
Corrosion 
Engineers 

MOhawk 4-2863 


7 Hampden Ave. 


NARBERTH (Suburb Phila.) 


WATER SERVICE LABORATORIES, INC. 


Specialists in 
Water Treatment 


Main Office, 615 West 131st St.,N.Y.27,N.Y. 


Offices Also in Philadelphia, Washington and 
Richmond, Va. 















You can advertise your engi- 
neering services in this di- 
rectory for about $1.50 a 
thousand readers. This is by 
far the best, least expensive 
and most convenient way to 
keep your name before the 
more than 8000 paid read- 
ers of CORROSION. Write 
for rates, 1061 M& M Bidg., 
Houston 2, Texas. 
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SEVEN-TON CYLINDER made of graphite will be cored to make sections for a large graphite tower in 
which elemental phosphorous will be burned for production of phosphoric acid. Five cylinders like the one 
above were produced by National Carbon Co., Division of Union Carbide Corporation. High temperature 
Process equipment of essentially monolithic construction is made possible by production of fine grained 

aphite in this large cylinder. A minimum number of joints by use of the large sections gives simpler 
ield erection and lower maintenance costs in fabricating structures for the chemical processing, nuclear, 


metallurgical and aircraft industries. 


Flexible Rubber Pipe Is Solution 


For Corrosive Waste 


An 1864-foot length of large diameter, 
flexible rubber pipe has been laid from 
the shore to the channel of the lower 
Delaware River as a discharge line for 
processing wastes from a chemical plant 
in that area. 

The line was installed from an off- 
shore dredge which first scooped a 
trench for the pipe on the river bottom. 
Fifty-foot flanged lengths of the rubber 
pipe, produced by Manhattan Rubber 
Division of Raybestos-Manhattan, Inc., 
Passaic, N.J., were bolted together with 
corrosion resistant bolts and nuts. The 
free end was lifted out of the water 
without disturbing sections already in 
place. After the flanges were joined, the 
dredge backed off one pipe length and 
dropped the newly attached length in 
place. Heavy cast iron collars bolted to 
each section anchored the line to the 
river bottom. 

The use of flanges to join the pipe 
sections eliminated underwater bolting 
or welding that would have been neces- 
sary with a metallic pipe. Also, an un- 
protected metal probably would have a 
relatively short service life in the Dela- 
ware River near the chemical plant be- 
cause of salt water corrosion. A metal- 
lic pipe also would have been subjected 
to internal corrosion from the nitric and 
sulfuric wastes discharged through the 
line. 

The rubber pipe is designed to with- 
stand 100 psi. It has a nylon and steel 
wire carcass with a neoprene cover for 
protection against external damage. De- 
pending on the tides, about 50 to 80 feet 
of the line can be exposed to weathering 
and floating debris. 

© 
Over 20 million dollars was paid in 1959 
to 39,000 employees of one company 
through the company’s savings plan. 


Disposal 


FLEXIBLE RUBBER PIPE sections are being bolted 
together as part of an 1864-foot line submerged 
in the lower Delaware River to discharge processing 
wastes from a large chemical plant. The cast iron 
collars shown were used to anchor the pipe in a 
trench scooped in the river bottom. 


French Article Published 
On Cathodic Protection 


“Cathodic Protection of Underground 
Iron Pipelines,” an article giving some 
elementary information about under- 
ground corrosion and its prevention by 
cathodic protection is among several in- 
cluded in the March, 1959 issue of 
“Water and Industries” monthly infor- 
mation bulletin of the French Associa- 
tion for the Study of Water, 9, Rue de 
Phalsbourg, Paris 17, France. The bulle- 
tin is in French. 


Polyethylene Glycol 
Flux Reduces 
Weld Splatter 


A new flux medium made of poly. 
ethylene glycol has been formulated 
which reduces the bad spattering effects 
which cause the corrosion encountered 
with “killed spirit” (zinc chloride). The 
new fluxes spread much better and more 
uniformly than older fluxes and_ help 
solder penetrate further into joints, ac- 
cording to an article in Summer 1959 


issue of “Tin and Its Uses,” published 3 


by the Tin Research Institute in Eng- 
land. 

When the new flux comes in contact 
with a hot soldering bit and molten 
solder, there is no violent boiling, and 
the flux spreads out smoothly and 


quietly, followed closely by the solder, § 


In a comparison of aqueous flux and 
the new glycol flux, the latter caused 
severe rusting and corrosion on the steel 
surface of specimens after standing for 
a few days. The polyethylene glycol 
flux showed no appreciable rusting or 
corrosion on the adjoining metal. 


Wood destroying fungi were unable I; 


to attack specimens of wood which had 
been impregnated with certain organotin 
compounds, according to the Tin Re- 
search Institute. 

Experiments at Delft, Holland, indi- 
cate that one of these compounds is par- 
ticularly promising as a preservative. 

Recent tests at the institute 
that, if properly controlled, tin will sup- 
press ferrite instead of being harmful in 
cast iron as was previously thought. Tin 


promotes the formation of the pearlite 
cause & 


constituent without tending to 
massive cementite. This may lead to 
better wear resistant cast iron that 


would have good machinability. 


Missile Parts Cold Cast 
From Fine Metal Powders 


Cold casting of fine metal powders © 
for use in missile components will be © 
undertaken in a development program [ 


at Stevens Institute of Technology. 


Known as slip casting, the new cold § 
casting process consists of pouring 4 & 
liquid suspension of fine metal powders 7 
at room temperatures into inexpensive © 
porous molds. The objects to be cast 7 
become hardened when the metal pow- © 


der suspensions lose their liquid 
through the porous walls of the mold. 
The fine metal 
take the shape of the surrounding walls, 
Then they are removed from the mold 
and_ sintered. 
been produced in the Stevens Labora- 
tory in 
theoretical density. 


Nickel Brightness Studied 


The amount of light reflected by elec- 


troplated nickel depends on the size of & 


microscopic peaks and valleys on _ its 
surface, according to research 


Weil. 


When these bumps and crevices are 
smaller than the wave length of light, © 


reflections occur. But when the bumps 


and crevices are larger, the metal ap- 7» 


pears dull. 
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Plastic Conveyor Chains 
Used in Beer, Food Plants 


Flat-top conveyor chains of the type 
used in bottling plants, canneries and 
other packaging operations are being 
molded of Delrin acetal resin, a new 
thermoplastic produced by Du Pont. 

After nearly two years of field test- 
ing in breweries and food packing 
plants, the new chains indicated a nor- 
mal service life estimated at two to 
four times that of nietal conveyors. 
They did not corrode and required no 
lubrication. 

Resilient and smooth, the Delrin 
chains did not develop burrs which 
might damage the bottom of cans caus- 
ing rust to develop. 

In another case, the chains operated 
nine months in hot pickle brine with 
virtually no wear or maintenance. 


New TV Optical System May 
Have Uses for Inspection 


A new instrument that permits a 
dentist to view any part of a patient’s 
mouth, highly magnified, on a TV 
screen may have practical applications 
in industry to scan the inside of ves- 
sels too remote or too dangerous for 
other types of inspection. 

The optical probe system consists of 
a bundle of optical fibers bound into a 
small whip-like cable with a lens ar- 
rangement at the probing end and 
coupled to a closed circuit TV camera 
at the other end. A bundle contains up 
to 10,000 of the hair-like fibers, each 
fiber transmitting a speck of light to 
the other end of the bundle where a 
picture made up of the thousands of 
light segments can be sent from the 
lens to the TV camera, then to the 
screen. 


Plastics Program Available 
For Informal Group Use 


Properties and applications of plastics 
available in standard shapes are ex- 
plained in a half hour educational pro- 
gram, “Getting Acquainted with Plas- 
tics,” offered by Cadillac Plastic and 
Chemical Co. Emphasis of the program 
is on 11 major thermoplastic families 
and the fiber glass reinforced plastics. 

[he program includes 10 minutes of 
color slides, numerous visual demonstra- 
tions, two table top displays, plus sam- 
ple trays for audience inspection. Selec- 
tions of technical and applications 
literature are provided. The informal 
Program usually consists of a conversa- 
tion between two speakers. Question 
and answer sessions may follow. A min- 
imum audience of 20 is required. Ar- 
fangements for presenting the program 
can be made through Robert B. Jacob, 
president, Cadillac Plastic & Chemical 
Co, 15111 2nd Ave., Detroit 3, Mich. 


Pollucite Deposits Found 


Extensive deposit of high grade pol- 
cite ore has been found in Southern 
Rhodesia, Africa. Tests indicate the de- 
Posit is one of the world’s largest and 
will offer a supply of low cost pollu- 
cite, which is aluminum-cesium silicate, 
or cesium applications in such indus- 
tries as glass and ceramics manufactur- 
ing, in welding rod fluxes and other 
uses in which silica is used with cesium. 
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Heil Large Capacity Rigidon® (Reinforced Plastic) Centrifugal Fan that Exhausts 
25,000 CFM of Mixed Acid Fumes at Large Eastern Manufacturing Plant. 


“For 


® Complete Corrosion Resistance 
© No Repairs or Maintenance 

® Service Proved Design 

® Wide Range of Standard Sizes 


Sfecity 


Heil Rigivin® (Rigid Vinyl) Axial Fan to 
Exhaust Fumes from Chemical Laboratory. 


PY ATi Lile| 


SOLID PLASTIC 


ates NOTHING TO RUST = Centrifugal Fan Handling H2SO« Fumes. 


@ Extremely wide range of standard sizes in 

both centrifugal and axial designs, fabricated 

of our proven, corrosion resistant Rigidon® 

(reinforced plastic) and Rigivin® (rigid vinyl) 

construction, speeds delivery and minimizes 

engineering costs. 
Let the Heil corrosion engineers, with their 

wide experience, help you select the size and 

type of plastic fan that will give you the best inell Sees <i ae 

service under your particular conditions. thed fee Mendibes Genes o8 Estee 
Ask us about Heil solid plastic Collecting elaine 

Hoods, Ducts, Stacks, and Fume Scrubbers for 

a completely corrosion resistant, rust-free, ven- 

tilating system, also Heil heavy duty rubber 

lined or coated fans, available in a complete 

range of capacities and static pressures. 


Write for the Heil bulletins. They list stand- 
ard sizes and give complete specifications. 


ULTRA LL ty 


HEATERS 
ea CORPORATION 


S 12922 Elmwood Ave. * Cleveland 11, Ohio 
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Steps in Coating Pipe Inside and Outside 


1. Pipe is unloaded from cars onto gravity rack. 
2. Two cleaning passes are made here. 3. One 
cleaning pcess and interior coating applied. 4. 
Joints lifted to external coating feed racks. 5. 
Joints are fed automatically into external coating 
train. 6. Gas flame heats joints just before entering 


centrifugal ——- box. 7. Joints emerge from 
blastering box (left) and ere primed. 8. Primed 
joints enter coating head. 9. End-rotating machine 
draws coated pipe from coating head. 10. Coated 
joints are stacked on gravity rack and inspected. 
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Pipe Coated Inside 
And Outside in 
Automatic Plant 


Forty miles of 30-inch gas pipe line 
is being coated inside and out in one 
operation at its Houston plant by Syd 
Culbertson, Inc. This probably is the 
first instance in which both of. these 
operations have been done in large vol- 
ume at one plant and at the same time, 

Although the principal reason for 
cleaning and coating the pipe inside is # 
to improve the C-factor, an additional 
benefit is derived in that it will not be 
necessary to pig the line after installa- 
tion. Because the pipe being coated was 
stored outside for a long period, three 
cleaning passes were required on _ the 
inside before applying 1.9 mils dry thick- 
ness of an epoxy coating. Bill Schell, 
manager for Culbertson says he believes 
inside coating can be done at a price 
equivalent to the cost of pigging for 
many lines, if the inside coating is done 
at the same time as the outside. 


















The operation is highly mechanized. 
Pipe is unloaded from cars or trucks 
onto a gravity rack at the rate of 20 & 
rail carloads a day. At the first station § 
two cleaning passes are made. At the 
second station, one cleaning pass is fol- 
lowed by spray application of the epoxy 
coating. Technical supervision of the 
epoxy is provided by Coast Paint and 
Lacquer Co., Houston. 











The 60-foot lengths are lifted by crane 
from the first gravity rack to a second 
gravity rack feeding into the outside 
coating and wrapping plant. Powered 
rollers move pipe lengths into the coat- 
ing room where they pass over a gas 
flame to heat the steel, through a centri’ 
ugal blasting machine where the outside 
is cleaned, then to a priming head and }f 
then to the coating head where 4/32 |} 
inch asphalt is flowed on, followed by a |} 
20-mil glass web, and asbestos-asphalt ¥ 
wrap and kraft outer wrapping. All joints 
are scanned by an electronic holiday de- 
tector. 

Pipe entering the coating and wrapp- § 
ing room is kept turning by powered § 
wheels. Joints follow one another auto- © 
matically with no interval between. Ag 

: 
§ 
Z 











special designed machine picks up the 
wrapped end emerging from the coating 7 
head and rotates it at the prescribed © 
speed so coating proceeds without in- § 
terruption from one joint to another. § 

The weld gap is automatically scraped 
and, after coating, the wrapped pipe 1s 
supported on the scraped ends only. The 
pipe moves by gravity, supported on 
weld gaps only, to a loader. 

All coating operations are under 
cover. A large storage building, with 
fan driven circulation, is heated so pipe 





p 






can be kept under controlled heat and ¥ 
humidity conditions when necessary. © 
Coated pipe stored outside is stacked 7 
on a river sand bed to give greatest # 
bearing for the load. ee 
Transportation is by rail, truck or 
barge on the Houston Ship Channel. + 
a 


226,800 copies of 25 NACE Technical 
Committee Reports were distributed m 
1957. In 1958, 210,300 copies of 12 NACE 
Technical Committee Reports were dis- 7” 
tributed, 
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Meetings and Conferences 


Scheduled by ASME in1960 


Some of the meetings and conferences 
to be sponsored by the American So- 
ciety of Mechanical Engineers are 
listed below: 

ASME-AIEE Railroad Conference: 
April 13-14, Penn-Sheraton, Pittsburgh, 
Pa. 

Maintenance and Plant Engineering 
Conference: April 25-26, Chase-Park 
Plaza Hotel, St. Louis, Mo. 

Metals Engineering Division-AWS 
Conference: April 25-29, Biltmore Hotel, 
Los Angeles, Cal. 

Design Engineering Conference and 
Show: May 23-26, Statler Hilton Hotel, 
New York, N. Y. 

Petroleum Mechanical Engineering 
Conference: September 26-28, Jung 
Hotel, New Orleans, La. 

Rubber and Plastics Conference: Oc- 
tober 9-12, Lawrence Hotel, Erie, Pa. 


Titanium Conference Is 


Planned for Sept. 12-13 


The annual Conference on Titanium 
Metallurgy is scheduled for September 
12-13 by New York University’s Col- 
lege of Engineering. 

This conference is one of four sched- 
uled by the college for the summer. 
Others are as follows: Materials and 
Design, one week beginning June 27; 
Thermoelectric Materials and Devices, 
one week beginning June 13; and Con- 
“ana on Vacuum Metallurgy, June 

Each conference will 
recent advances in its 
tended primarily for 
neers. 


cover the most 
field and is in- 
practicing engi- 


Plastics Engineers Plan 
Conference for April 20 


“Plastics in the Petroleum and Chem- 

ical Industries” will be the subject of 
the annual regional technical confer- 
ence to be April 20 at the Hotel Texas 
in Fort Worth, Texas. Sponsored by 
the North Texas Section of the Society 
of Plastics Engineers, the program will 
be given in two concurrent sessions with 
papers on surface coatings and _ plastic 
structures, covering the most recent de- 
velopments in both fields. 
_NACE member R. B. Bender of 
Tejas Plastics Materials, Fort Worth, 
and A. L. Barrier of Barrier Corpora- 
tion, Mineral Wells, Texas, are on the 
program committee. 


Annual Welding Convention 
The American Welding Society will 
hold its 41st Annual Convention and 
Welding Exposition April 25-29, 1960, 
in Los Angeles, Cal. Additional infor- 
mation can be obtained from the So- 
ciety at 33 West 39th St., New York 
18, N. Y. 


Process Patented for Use 


Of Refinery Acid Sludge 


A patent on the process for use of 
refinery acid sludge has been granted 
to the inventor, G. Hunter Miley. The 
patent has been assigned to L. Sonne- 
born Sons, Inc., New York, N. Y. 

he process, developed in i955 at 
Sonneborn’s refinery at Petrolia, Pa., 
converts the previously useless acid 
sludge into valuable products. The 
sludge, which results from treatment of 
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petroleum products with sulfuric acid, 
is fed into a unique retort which pro- 


duces sulfur dioxide and coke as its 
main products with a variable quantity 
of gaseous hydrocarbons. These gases 
are used profitably as part of the fuel 
to operate the retort. 

Additional information on the process 
can be obtained from L. Sonneborn 
Sons, Inc., 300 Park Avenue South, 
New York 10, N.Y. 


ASTM Committee Week 


About 32 committees and subcommit- 
tees of the American Society for Test- 
ing Materials have scheduled meetings 
during the ASTM Committee Week, 
February 1-5, at Chicago’s Hotel Sher- 
man. 










Instrument-Automation 


Conference Set Feb. 1-4 


Over 60 technical papers will be pre- 
sented during the February 1-4 Instru- 
ment-Automation Conference and Ex- 
hibit to be held in Houston, Texas. 
The conference will be sponsored by 
the Houston Section of the Instrument 
Society of America. 

Theme of the conference will be 
“Process Control in the Electronic 
Era.” Technical sessions will be devoted 
to concepts, techniques and applica- 
tions of scientific equipment and meth- 
used by various industries, with 
special attention given to the petroleum, 
chemical, aeronautical, missiles, elec- 


ods 


tronic and process industries. 





Seven miles off Grand Isle, Louis- 
iana, sulphur will be raised by 
the Freeport Sulphur Company 
from a mine 2,000 feet be- 
low the ocean floor. Reilly 
Hot Coal Tar Enamels— 
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HS X-1 Primer — applied by Pipe 
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Reilly Sales Office., 


CHEMICAL CORP 


INDIANAPOLIS 4, 
INDIANA 
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Adhesives 





B. F. Goodrich Industrial Products Co., 
a division of B. F. Goodrich Co., has 
produced a new adhesive to bond poly- 
styrene foam to steel, aluminum, ma- 
sonite, wood and other materials. The 
company also makes another adhesive, 
R-1083-T, for bonding polystyrene 
shapes to themselves, polystyrene sheet 
on steel, aluminum, formica and other 
materials. 
© 


“Adhesive Bonding of Aluminum,” 
new booklet available from Reynolds 
Metals Co., Richmond 18, Va., gives de- 
velopment of adhesives, advantages in 
modern applications, design of joints, 
types of adhesives and processing of 
adhesive joints. 


» 





Aluminum 





Switchgear Housing made of extruded 
aluminum sections has been developed 
by Allis-Chalmers and Reynolds Metals 
Co., Richmond 18, Va. Elimination of 
painting for weather protection and va- 
ried design possibilities from the extru- 
sions are some of the advantages de- 
rived from the use of aluminum. The 
housings also will be corrosion resistant 
and light weight. 
* 


Enamel Coated Aluminum Alloy Sheet 
in widths to 60 inches is being produced 
by Aluminum Company of America, 
1501 Alcoa Bldg., Pittsburgh 19, Pa., at 
the company’s Tennessee sheet mill. The 
enamel finish is available in thicknesses 
from 0.019 to 0.051 inches. The maxi- 
mum width previously available was 42 
inches. 





Cleaners 





Ultrasonic Model 100, produced by Na- 
tional Ultrasonic Corp., 111 Montgom- 
ery Ave., Irvington, N. J., is designed 
for small part cleaning applications in 
which average energy levels are re- 
quired. It has a one-gallon heavy gauge, 
polished stainless steel tank with 
rounded corners to facilitate washing 
out of contaminents removed by ultra- 
sonic energy. 

© 
LCR Purifiers for cleaning air and 
steam in lines to two inches in diameter 
are being produced by V. D. Anderson 
Co., division of International Basic 
Economy Corp., 1935 West 96th St., 
Cleveland 2, Ohio. The purifiers are de- 
signed to keep moisture and dirt from 
clogging and rusting expensive pneu- 
matic and steam tools. 

» 


Aidco 10, a new organic chemical for 
de-activation of scale from boilers, heat 
exchangers, condensers, pipelines and 
refrigeration coils is being produced by 
Alloy Industries Development Co., 2211 
Firestone Blvd., Los Angeles 2, Cal. The 
pH of Aidco 10 is between 9 and 11 


and its specific gravity is 1.14. It is non- 
toxic, non-flammable, non-corrosive and 
practically odorless, according to the 
manufacturer. 

% 


Abrasijet, a new tool developed by Dow- 
ell, Division of Dow Chemical Co., P. O. 
Box 536, Tulsa, Okla., is claimed to re- 
move scale and other deposits from the 
faces of producing formations in wells 
completed in the open hole and to per- 
forate casing without the risk of shat- 
tering cement with explosives. Fluid 
carrying abrasive particles is pumped 
at high velocity through small jet ori- 
fices in the tool. 
€ 


Blast Cleaning Equipment is listed in a 
new catalog available from Clementina 
Ltd., 2277 Jerrold Ave., San Francisco 
24, Cal. The catalog includes valves, 
hose, nozzles, helmets, guns and other 
equipment used in blast cleaning. 

% 


Granular Mono Sodium Phosphate com- 
bining the desirable qualities of crystal- 
line granular and powdered mono so- 
dium phosphate has been developed by 
Monsanto Chemical Company’s Inor- 
ganic Chemicals Division, 800 North 
Lindbergh Blvd., St. Louis 66, Mo. Be- 
cause of the porous nature of the par- 
ticles, the new phosphate product has 
the non-ionic holding power of a pow- 
der yet retains the excellent flow prop- 
erties inherent in a granular material, 
according to Monsanto chemists. 





Coatings, Organic 





Ren RP-1125 Surface Coat is the desig- 
nation for a new white epoxy surface 
coat formulation offered by Ren Plas- 
tics, Inc., 5422 S. Cedar Rd., Lansing 9, 
Mich. The material can be applied by 
putty knife, spatula, paddle or brush in 
thin coats or to %-inch thicknesses. It 
has a jell time from’ 18 to 22 minutes. 
e 

Lytron 680 Production, an acrylic-type 
binder for general outdoor latex paints, 
will be expanded when Monsanto Chem- 
ical Company completes its plant ex- 
pansion at Addyston, Ohio. 





Coatings——Application 
Equipment 





Jiffy Mixer, an attachment for most 
chucked power tools, is designed to 
reduce mixing time for high viscous 
compounds such as puty or water-like 
emulsions. It can be used in open con- 
tainers without splashing, according to 
the fabricator, Jiffy Mixer Co., Inc., 515 
Market Bldg., San Francisco 5, Cal. 

* 
Complete Finishing Systems available 
from the DeVilbiss Co., Toledo 1, Ohio, 
are illustrated in an index published by 
the company. Included are spray guns, 
automatic spray coaters, industrial ovens, 
air compressors, etc. 

e 
Hollow Cone Spray Nozzles, injection 
molded of Tenite Butyrate by Austin 





mee 


Manufacturing Corp., 305 Perry Brooks 
Bldg., Austin 1, Texas, are designed 
for air washers, cooling towers, spray 
ponds and evaporative condensers. 

@ 


Dry Phosphatizing Process for coatings 
on metal parts has been developed by 
G. 
Metal parts are given a phosphate coat- 
ing by dipping or spraying with a tri- 
chlorethylene-based phosphatizing solu- 
tion maintained at its 188 F boiling 
point. After the parts emerge from the 
machine, the solvent evaporates, leay- 
ing the parts dry and ready for paint- 








Stab-Clad, a line of pipe couplings de- 
veloped by Dresser Manufacturing 
Division, Dresser Industries, Inc., Brad- 
ford, Pa., are factory coated and pre- 
assembled for joining mill wrapped pipe 
Coatings are of coal tar epoxies and coal 
tar enamel. 
° 


New Pipe Line Products, Style 116 Cas- 3 


ing Insulating Seal and Style 117 Casing 
Cradle, have been developed by Dresser 
Manufacturing Division, Bradford, Pa. 
The seal is comprised of two gaskets, 
one rims the casing end inside and out 











S. Blakeslee & Co., Chicago, II}. i 


with a special inclined face on the por- ¥ 


tion of the gasket inside the casing. A 
second soft rubber gasket, also with an 
inclined face, fits around the carrier 


pipe. The carrier gasket is wedged by © 


ramming the inside gasket tight against 
the outer casing gasket, the soft rubber 
facings forming a liquid seal as well as 
an insulating barrier. Dresser Casing 
Cradles have closely spaced hard rubber 


skids bonded to a pliable rubber im- | 


pregnated fabric sheet to provide flexi- 
ble support to the pipe. 





Inhibitors 





Immunol 438 for water suspendable 
method of magnetic particle inspection 
is described in a booklet available from 


Harry Miller Corp., 4th and Bristol 
Streets, Philadelphia 40, Pa. Immunol is 7 
used instead of kerosene or solvents as © 
and water © 


the vehicle for oil soluble 
soluble inspection phastes. 


€ : 
Kontol Corrosion Inhibitors for petro- 7 


leum refineries are described in a new 
brochure available from Tretolite Com- 
pany, division of Petrolite Corp., 369 
Marshall Ave., St. Louis 19, Mo. In- 
cludes schematic diagrams, detailed en- 
gineering drawings and photographs and 


explanation of inhibitor application to © 


various refinery systems. 
e 


Petronate CR, a rust preventive agent, 7 


is described in a bulletin available from 
L. Sonneborn Sons, Inc., 300 Park Ave- 
nue South, New York 10, N. Y. Appli- 
cation and test data plus U. S. Military 
specifications are included. 


(Continued on Page 67) 





a 


















































Mini 
tions 
assel 
desc 
Phot 


ton . 


Port 
to 1 
solut 
pow’ 
by C 
lin J 
mete 
in sé 


Resi 
preci 
tenti 
avail 
Law 
are 
the 1 
ance 
trica 


Sing 
for 1 
avail 
burg 
meas 
direc 
coati 


Mag 
renc 
techi 
hidd 
in n 
ated 

Inc. 

Unic 
Salle 
date 
Grav 
Ind., 
City, 


calle 


Hart 
been 
son-" 
burg 
pany 
com] 
refra 
sour¢ 
subsi 
and 

new 

plant 


Flat 
tion 
Nati 
sprin 
of st 
city 
to th 


New 
Stren 













Brooks 
esigned 
, Spray @ 
rs. z 








oatings 
ped by 
xo, Iii. 
'e coat- 
1 a tri: & 
g solu- 
boiling 
om the 
, leav- 
- paint- 


















1Z8 de- 
turing 
, Brad- 
id pre- 
sd pipe 
nd coal 









16 Cas- & 
Casing & 
Dresser 
rd, Pa 
raskets, # 
ind out | 
he por- ¥ 
sing. A & 
vith an & 
carrier & 
ged by 
against 
rubber | 
well as » 
Casing © 
rubber § 
yer im- § 
e flexi- & 



















ee 


idable 
pection 
le from 
sristol 
1unol is 
ents as 

water 


petro- 
a new 
> Com- & 
p., 369 § 
fo. In- | 
led en- | 
yhs and E 
tion to & 


ry 
f 
& 
Ee 
F 
f 
ye 
& 







agent, 
le from & 
‘k Ave- BA 
Appli- © 
filitary © 











January, 1960 


NEW PRODUCTS 





(Continued From Page 66) 





Instruments 





Miniaturized Electric Eyes for applica- 
tions in counting, sorting, monitoring, 
assembling and automatic weighing are 
described in a booklet available from 
Photomation, Inc., 96 South Washing- 
ton Ave., Bergenfield, N. J. 

° 
Portable Conductivity Tester designed 
to measure specific conductance of a 
solution in locations where electric 
power is not available is being marketed 
by Carma Manufacturing Co., 1879 Mul- 
lin Ave., Torrance, Cal. The hydroion 
meter is battery operated and reads ppm 
in saline or other solutions. 

° 
Resistor Wire for use in manufacture of 
precision whe wound resistors and po- 
tentiometers is described in a catalog 
available from Hoskins Mfg. Co., 4445 
Lawton Ave., Detroit 8, Mich. Included 
are special tables and graphs covering 
the material’s corrosion and wear resist- 
ance properties, high strength and elec- 
trical characteristics. 

° 
Single Probe Thickness Meter suitable 
for measurements on curved surfaces is 
available from O. Hommel Co., Pitts- 
burgh 30, Pa. The miniature meter 
measures the thickness of a paint layer 
directly and without damage to the 
coating. 


Mergers 


Magnaflux Corporation, 7300 West Law- 
rence Ave., Chicago, Ill., developer of 
techniques and equipment for detecting 
hidden flaws in industrial materials and 
in non-destructive testing, will be oper- 
ated as a subsidiary of General Mills, 
Inc, ° 
Union Tank Car Company, 228 N. La 
Salle St., Chicago 1, Ill, has consoli- 
dated two of its fabricating divisions: 
Graver Tank & Mfg. Co., East Chicago, 
Ind., and the Lang Company, Salt Lake 
City, Utah. The new division will be 
called Graver Tank & Mfg. Co. 

@ 


Harbison-Carborundum Corporation has 
been formed by the merger of Harbi- 
son-Walker Refractories Co., Pitts- 
burgh, Pa., and the Carborundum Com- 
pany of Niagara Falls, N. Y. The two 
companies have pooled their advanced 
refractories technology and financial re- 
sources to establish a jointly owned 
subsidiary for engineering, manufacture 
and sales of fused refractories. The 
new merger will operate Carborundum’s 
plant in Falconer, N. Y. 





Metals, Ferrous 





Flat Stainless Spring Wire, precipita- 
tion hardened, has been introduced by 
National Standard Co., Niles Mich. The 
spring wire has the corrosion resistance 
of stainless steel combined with elasti- 
city approaching music wire, according 
to the fabricator. 


* 
New Nickol Alloy Steels with very high 
Strength have been invented in the re- 
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search laboratories of International 
Nickel Co., Inc., 67 Wall St., New York 
5, N. Y. Identified as 25 percent nickel 
steels, the new alloys achieve unique 
properties by simply air cooling from 
the heat treating temperatures. Yield 
strengths above 250,000 psi with 6 to 10 
percent elongation and above 20 percent 
reduction of area are obtainable in sec- 
tion thicknesses, according to Inco en- 
gineers. ° 

Stainless Steel Powder Mix that is flow- 
able for producing corrosion resistant 
machine components and equipment is 
available from Union Carbide Metals 
Co., Division of Union Carbide Corp., 
30 East 42nd St., New York 17, N. Y. 
Parts made from this steel powder have 
about the same corrosion resistance as 
cast and wrought stainless materials, 
according to the company. 
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Plants 





Pittsburgh Coke & Chemical Company 
is expanding its Neville Island, Pa., sul- 
furic acid plant capacity by 70 percent. 


3 
Humble Oil & Refining Company has 
planned construction of a new lube oil 
processing plant and major expansion 
of two existing lube plants at its Bay- 
town, Texas, Refinery. 

8 
Scientific Design Company, 2 Park Ave., 
New York 16, N. Y., will design and 
build three new maleic anhydride plants. 
They are for Monsanto Chemical Com- 
pany in St. Louis, Mo., Pittsburgh Coke 
& Chemical Company at Neville Island, 

(Continued on Page 68) 
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works the swing shift too! 









Thousands of miles of underground pipe feed natural gas to 


factories . . 


. other pipelines distribute oil and other petroleum 


products. And every foot ... every inch . . . could corrode and 


leak anytime, day or night. 


Electro Rust-Proofing can assist in the big job of corrosion 
control. Assist with surveys, design recommendations and actual 
installation of corrosion control systems. 

Even if you have your own corrosion engineering group, ERP 
can swing extra manpower and engineering experience onto rush 
jobs—supplement your own team on the special problems. 


For full information on ERP Pipeline Corrosion Control, 


Write Dept. E-52-27 





ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE & TIERNAN INC. 





30 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
CABLE: ELECTRO. NEWARK. N. J. 
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(Continued From Page 67) 
Pa., and Monsanto Canada Limited, 


Ville La Salle, Montreal. 
6 


Linde Company, division of Union Car- 
bide Corp., is now operating a new 





POSITIONS 


liquid hydrogen plant at Tonawanda, 


N. Y 





Plastics 





Chemically Inert Plastic Tape designed 
to seal and permanently lubricate 
threaded and coupled pipe joints has 
been developed by Minnesota Mining 


WANTED AND AVAILABLE 


Active and Junior NACE members and companies seeking salaried employees 


may run without charge two consecutive advertisements annually under this 
heading, not over 35 words set in 8 point type. Advertisements to other 
specifications will be charged for at $10 a column inch. 





Positions Available 


Positions Wanted 





Metallurgist, chemist, chemical engineer—ferrous 
metallurgical background for research and de- 
velopment on high and low temperature corro- 
sion problems of fuel burning equipment. Chat- 
tanooga, Tennessee location. Salary commensu- 
rate with experience. CORROSION, Box 60-4 


Sales Engineer—Progressive company, corrosion 
and chemical plant experience desirable. Reply 
CORROSION, Box 60-5. 


Maintenance Specialist: Unusual opportunity for 
engineer ‘to initiate corrosion prevention pro- 
gram. Experience necessary in plant maintenance 
and paint application. Office suburban labora- 
tory, Minneapolis. Limited travel. Write John 
Warner, Cargill, Inc., 200 Grain Exchange, 
Minneapolis, Minnesota. 


SALES ENGINEERS 


Opportunity of lifetime. Successful top rated 
paint manufacturer expanding in Phila. and 
N. Y. areas, has exceptional opening for two 
experienced men. Prefer young men with 
ability to supervise and train salesmen in their 
areas. Future unlimited depending only on 
ability. Replies treated confidentially. COR- 
ROSION, Box 60-3. 










Technical Representative—Age 33. 4 years in 
research including organic inhibitors. Field ex- 
perience in coatings and cathodic protection of 
production equipment. Prefer growing aggressive 
firm in southwest. Resumé on request. CORRO- 
SION, Box 59-45. 


Paint Chemist—Over fifteen years’ experience 
formulating and evaluating organic coatings of 
all types. Desires position devoted exclusively to 
formulating and evaluating protective coatings 
for corrosion prevention. CORROSION, Box 60-2. 


| Manufacturers’ Agents 


WANTED: SALES ENGINEERS 








Manufacturers’ representatives now calling on 
the Gas & Oil Pipeline Industry. Some experi- 
ence in selling instruments & controls or 
cathodic protection to the trade he'pful, but 
not necessary. Reply CORROSION, Box 60-1. 











| 


VON ARX AIR GUN — unique new tool that exce 





Is 


in preparing uneven and inaccessible surfaces. 





This versatile, light-weight tool is designed for really tough cleaning, de-scaling and de-rusting jobs. 
Labor saving, it pays for itself. Air-operated reciprocating needles adjust to contours automatically — 
easily and rapidly cleaning irregular surfaces such as rivets, crevices, grooves and corners. The 
VON ARX AIR GUN, in three sizes, comes in handy kit equipped with needles and chisels for specific 
applications. Representatives in principal cities. Write for descriptive brochure or demonstration. 


MAR | NDUS COMPA NY INC © DEPT. C, 51 PINE STREET, NEW YORK 5, N. Y. 


Vol. % 


and Manufacturing Co., 900 Bush Ave, 
St. Paul 6, Minn. Called Scotchrap Dry 
Thread Sealer No. 4212, made with 
polytetrafluoroethylene, the tap is de- 
signed to withstand processing temper- 
atures from the liquid oxygen range 
through that of super heated steam. 

& 
Glass Epoxy Laminate for use in nor- 
mal and elevated temperature applica- 
tions has been developed by Taylor 
Fibre Co., Norristown, Pa. Designated 
as grade GEC-111, the new laminate in 
a \&-inch sheet retained at least 68 per- 
cent of its flexural strength after one 
hour exposure at 300 F in company 
tests. e 


Rigid PVC Pipe has been used for nat- 
ural gas distribution service by Illinois 
Power Company, Decatur, Ill. Kraloy 
DM grade, produced by Kraloy Plastic 
Pipe Co., Los Angeles, Cal., was used 
in 34-inch size. 
e 

Rigid PVC Ball Valves in piping sys- 
tems subjected to corrosion have been 
developed by B. F. Goodrich Chemical 
Co., 3135 Euclid Ave., Cleveland 15, 
Ohio. The valves are made of Geon ex- 
cept for the seats and seals for resist- 
ance to oils, acids, 
chemicals. 


@ 
Carbo Fix Repair Kit for making on- 
the-spot repairs in plant, mill and fac- 
tory is available from Carboline Co., 32 
Hanley Ind. Ct., St. Louis 17, Mo. The 
kit is a two-component, fast setting 
epoxy material that cures to a_ hard, 
tightly bonded patch, according to the 
fabricator. 

° 
Basic Teflon Shapes such as sheet, rod, 


tubing and tape are being produced at & 
Crane Packing Company’s new plant at & 


Morton Grove, Ill. The plant is devoted 


exclusively to full scale processing of © 


Teflon. 
Py 


Flexi-Liners, made of flexible, laminated © 
tanks so_ that 7 
walls, are fF 
being produced by the Flexi-Liner Com- 7 


insertion in 


plastic for 
touch tank 


liquids cannot 


Pasadena, Cal. 
liners can 


30x 76/7, 


pany, 2. ©, 
removable 


These one-piece 


be made to fit vertical, horizontal or rec- 7 


tangular tanks with or without tops 
They can be installed in metal, wood or 


cement storage tanks, according to the # 


manufacturer. 
@ 


Rexolite, a high dielectric constant sty- 7 


rene co-polymer which can be machined 

to close tolerances, is being used in the 
(Continued on Page 69) 

cat lc 


backfill for 


magnesium anodes 
o 


use one of our 14 proved 
formulas or we mix to your 
specifications 


°o 


Send for our price list. 
Shipped in 100 Ib. 
moisture-proof bags, 
takes Class C freight rate 


° 


Charlie Wilson Co., 11531 Main St. © 
MOhawk 5-1501, Houston 25, Texas E: 
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(Continued From Page 68) 


engineering of coaxial transmission lines 
in the U. S. polar defense line, BMEWS. 
According to the manufacturer, Rex 
Corporation, West Acton, Mass., Rexo- 
lite is an effective gas barrier, is almost 
totally impermeable to moisture, resists 


crazing at temperatures below —50 F 
and can be cemented readily. 
® 


Neoprene Coating for fiber glass-base 
fabrics duct was developed by Vulcan 
Rubber Products Division, Reeves 
Brothers, Inc., 1071 Avenue of the 
Americas, New York 18, N. Y., to meet 
the severe impermeability requirements 
of a military specification. The light 
weight duct is intended for installations 
requiring optimum air flow efficiency 
and can be used for flow of liquids, 
gases, light solids and chemicals. 
9 

Solution Feed Manual Gas Dispenser 
Meter molded in 13 parts of polyvinyl 
chloride is being fabricated by United 
States Gasket Co., Plastics Division of 
Garlock Packing Co., Camden, N. J. 
The unit is used for industrial chlorina- 
tion of water or for large commercial! 
swimming pools. 


% 
Chemically Inert Pipe Crosses lined 
with Fluoroflex-T have been added as 
standard fittings in Resistoflex Corpora- 
tion’s (Roseland, N. J.) process piping 
line. These Type S crosses are immune 
to acids, caustics, chlorides, solvents, 
bleaching solutions, peroxides and phe- 
nols at concentrations from —100 to 
+500 F, according to the manufacturer. 

» 
Lucite Acrylic Sirup, a water-white fluid 
adapted to fiberglass production, is 
being used for industrial fencing by en- 
gineers at Du Pont’s Chambers Works, 
Deepwater, N. J. 


® 

Six New Epoxy Resin Types for use in 
building, construction and maintenance 
have been developed by Sika Chemical 
Corp., 35 Gregory Ave., Passaic, N. J. 
Formulated especially for the construc- 
tion industry, the epoxy compounds in- 
clude joint sealants, bonding compound, 
patching compound, skid resistant sur- 
facing for highways and corrosion re- 
sistant surfacing for concrete. 





Pumps 





New 316 Stainless Steel industrial posi- 
tive displacement rotary pump is de- 
scribed in a catalog available from 
Waukesha Foundry Co., Pump Division, 
Waukesha, Wis. The manufacturer 
States there is less turbulence, pulsation, 
aeration and agitation on corrosion 
problem liquids of high or low viscosity. 
w 
Thermaflow 100, a reinforced polyester 
molding compound, has been used in a 
centrifugal pump developed for garden 
sprayers. A case history bulletin on the 
pump is available from Atlas Powder 
Company’s Chemicals Division, Wil- 
mington 99, Del. The pump is used in 
conjunction with a 10-gallon mobile 
Sprayer for insecticides, liquid fertilizers 
and similar agricultural sprays. 
a 

Chempump Bulletin 1100, available from 
Fostoria Corporation, P. O. Box 35-7, 
untingdon Valley, Pa., describes the 


RECORD AND REPORT 


company’s line of seal-less pumps de- 
signed for leak-proof pumping. Includes 
design, operation and selection of 
pumps. 
* 

New Gear Pump Series for 3000 psi 
constant pressure and 4500 intermit- 
tent pressure service has been developed 
by Superior Hydraulics, Division of Su- 
perior Pipe Specialities Co., 15201 St. 
Clair Ave., Cleveland 10, Ohio. 





Valves 





Titanium Valves for dispensing, drain- 
ing and sampling are being produced 
for service in the atomic energy, elec- 
tronic and chemical industries by Eco 
Engineering Co., 12 New York Ave., 
Newark 1, N, J. According to the man- 
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ufacturer, the valves have resistance to 
corrosive media such as nitric acid, 
chlorine, nitric-sulfuric acid mixtures 
and chlorinated hydrocarbons. 

2 


Solenoid Valve, full ported with direct 
lift in port sizes from ™% to 3 inches 
and capacities from zero to 3,000 psi has 
been produced by Atkomatic Valve Co., 
Inc., 545 West Abbott, Indianapolis, 
Ind. The valves are available in bronze 
or stainless steel. 
es 


Super-Liner Supply Line Valve with 
threaded or compression connections has 
no metal valve parts in the water stream 
to eliminate the corrosion problem. The 
valve is manufactured by Walter L. 
Veatch, Inc., 1404 Thornton Ave., Elk- 
hart, Ind. 


THE FINAL LINK IN 


CORROSION CONTROL 


Cathodic protection is essential to maximum pro- 
tection against corrosion of underground and 
underwater pipelines and other metal structures— 
the indispensable link in any chain of protective 


methods. 


APEX anodes are available in 
3 Ib., 5 Ib., 10 Ib., 17 Ib., 32 Ib. 
and 50 |b, sizes, Prompt serv- 
ice on bare anode with or with- 
out wire, or complete packaged 
anode with wire and back-fill 
ready for installation. 


consultation. 


Send without obligation for our folders detailing 
the composition, installation, function and dollar- 
saving performance of Apex magnesium anodes. 
Our engineers are available for qualified technical 


APEX SMELTING COMPANY 


2537 West Taylor Street, Chicago 12, Illinois 


Cleveland 5, Ohio ” 


Long Beach 10, California 
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TET 


Leonard B. Bruner, Jr., has joined Tri- 
onics Corp., P. O. Box 548, Madison, 
Wis., as senior research chemist. 

° 
J. C. Burkholder has been appointed 
manager of the resin division of Archer- 


Daniels-Midland Company, 700 Inves- 


tors Bldg., Minneapolis, Minn. 


® 
Charles N. Chalfant has been promoted 
to senior product manager of metal fin- 


ishing at Kelit Corp., 81 Industrial 
Road, Berkeley Heights, N. J. 

e 
Donald B. Erskine and Andrew L. 


Foster have joined the engineering de- 
partment of Pittsburgh Coke & Chemi- 
cal Co., Grant Bldg., Pittsburgh, Pa. 

® 
John P. Fraser, NACE member and 
chairman of the San Francisco Section, 
has joined Shell Development Compa- 
ny’s laboratory in Houston, Texas, as 
corrosion supervisor. 

e 
Robert W. Gaines has jo’ned the engi- 
neering sales staff of Water Service 
Laboratories, Inc., 615 West 13l1st St., 
New York 27, N. Y. 


e 
Charles W. Gavitt has been appointed 
plant industrial engineer at American 
Viscose Corporation’s plant at Parkers- 
burg, W. Va. 


8 
John W. Hawley, NACE member, has 
been appointed manager of the product 
development department for Chemtrol, 
10872 Stanford Ave., Lynwood, Cal. 


@ 
Gregory D. Hedden has been named 
technical director of Trionics Corpora- 
tion’s contract research laboratory at 
Madison, Wis. 

6 
Two NACE members are part of the 
staff of Magnachem Limited, a new Ca- 
nadian company recently formed which 
will distribute corrosion control prod- 
ucts. They are D. G. Colls, Magnachem 
president, and William D. Roper, who 
will be in charge of the Vancouver 
office. 

e 
Hugh E. Keeler, professor emeritus of 
mechanical engineering at the Univer- 
sity of Michigan, has been appointed a 
director of the Hinchman Corporation, 
Francis Palms Bldg., Detroit, Mich. 


° 
William T. McLaughlin has been pro- 
moted to field sales manager for the 
protective coatings division of Pitts- 
burgh Coke & Chemical Co., Grant 
Bldg,. Pittsburgh, Pa. 

e 
E. J. McMullen has been appointed ex- 
ecutive vice president and director of 
research and development for Sentirel 
Chemicals, Inc., 3011 San Jacinto, Hous- 
ton, Texas. 

& 


Terry F. Newkirk has been appointed 
manager of the ceramics and metallurgy 
division of Trionics Corp., P. O. Box 
548, Madison, Wis. 
® 

Curtis R. Pardee and E. F. Anderson 
have been appointed field service metal- 
lurgists for Crucible Steel Company of 
America. Mr. Pardee will have his office 


in Solon, Ohio; Mr. Anderson in Cald- 
well, N. J. 


George O. Pfaff has 

marketing director at 

Corp., Mishawaka, Ind. 
® 


been appointed 
Wheelabrator 


Jack H. Powers has been named super- 
visor of metallography at Adams Car- 
bide Corp., Kenilworth, N. J. 

e@ 
T. A. Rohlfsen has been appointed man- 
ager of the South Pacific Coast division 
of Oakite Products, Inc., 19 Rector St., 
New York City. 

° 
Howard W. Scaman has been named 
distributor sales manager of Dearborn 
Chemical Company, Chicago, Ill. J. E. 
Clemens was named advertising man- 
ager. 

% 
Thomas M. Reinhardt, NACE member, 


has been named southern district man- 





ager and William R. Lamb as manager 
of sales for International Paint Co., 
Inc., 628 Pleasant St., New Orleans, La, 
Mr. Reinhardt will be in charge of all 
Gulf and lower inland waterway opera- 
tions. 

& 


James E. Starry has been appointed dis. 
trict manager for the Texas district of 
Nalco Chemical Co., Chicago, Ill. His 
office will be in Houston, Texas. 

« 
Kirk Usher has been appointed manager 
of tubular product sales for Aluminum 
Company of America. His headquarters 
will be in Pittsburgh. 

° 
Over 20 million dollars was paid in 1959 
to 39,000 employees of one company 
through the company’s savings plan. 


H 


ti 


CAN YOU AFFORD LESS 
THAN THE BEST TO STOP 
WELL CASING CORROSION? 


It is generally accepted that cathodic protection, using either 
rectifiers or magnesium anodes, will stop the external corro- 
sion of oil well casing. To get protection at the lowest possible 
cost requires the services of an expert—with the knowledge, 
experience and instruments to do the job right. 

CSI engineers pioneered and are acknowledged experts in 
this field. Perhaps their most important contribution is the “log 
current potential method” of determining the amount of electrical 
current required for casing protection. This inexpensive, surface 
method is patented (No. 2862177) and is licensed only to CSI. 
However, producing companies are granted free use of the 


method on their own wells. 


To obtain valid data from this test method, the techniques 
and instrumentation must be handled correctly. 

Be sure. For more information, call or write CSI today. 
Here’s a case where the best costs no more! CSI offers the best 
in engineering and installation services, plus a complete line of 
quality materials. And CSI prices are competitive. 


(cSt) 


Cleveland 13, Ohio 
1309 Washington Ave. 
Tel. CHerry 1-7795 


CORROSION SERVICES 


INCORPORATED 


General Office: Tulsa, Okla. 
Mailing Address: 

Box 787, Sand Springs, Okla. 
Tel. Circle 5-1351 
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2. TESTING 


2.3 Laboratory Methods 
and Tests 


2.3.2, 6.4.2, 5.3.4 

Clad Aluminum-Manganese Alloy 
Tubing for the Chemical Industries. (In 
Italian.) Alluminio, 27, No. 3, 135-136 
(1958) March. 

Results of corrosion tests carried out 
with clad aluminum-manganese alloy 
tubing, continuously immersed in a 3 
per cent sodium chloride solution, or 
exposed to the effects of salt spray, are 
reported. Cladding materials were alu- 
minum-1 per cent zinc alloy and alumi- 
num-l per cent zinc-1 per cent manga- 
nese (Platergal), The good corrosion 
resistance of aluminum tubes internally 
clad with such alloys is demonstrated 
and their importance in the chemical 
industries is stressed —ALL. 16455 
2.3.5 

Measurement of Wall Thickness of 
Metal from One Side Only, by Direct 
Current Conduction Method. J. G. 
Buchanan, F. W. Marsh and R. C. A. 
Thurston, Nondestructive Testing, 16, 
No, 1, 31-35 (1958) Jan.-Feb. 

_ Method involves measurement of “re- 
Sistance” of area of metal with 4-elec- 
trode array; increase in “resistance” 
Indicates decrease in thickness; theory 
of method and equipment used; testing 
Procedure; applications to specific prob- 
lems such as measuring corrosion thin- 
hing in steel plate, defects in plates and 
wall thinning of tubes —BL. 16751 


2.3.6, 6.6.6, 6.7.2 
Etching of Refractories and Cermets 


by Ion Bombardment. T. K. Bierlein, 
H. W. Newkirk, Jr. and B. Mastel. 
Paper before Am. Ceram. Soc., Fall Mtg. 
Basic Sci. Div., Alfred, New York, Sept. 
9, 1957. J. Am. Ceram. Soc., 41, No. 6, 
196-200 (1958) June. 

Uranium oxide, aluminum oxide, por- 
celain, aluminum-aluminum oxide (SAP), 
nickel-titanium carbide base cermet 
(Kentanium K-152-B) and cobalt sili- 
cide-titanium carbide, titanium diboride 
cermet, typical examples of refractories 
and cermets, were satisfactorily etched 
by ion bombardment for subsequent 
optical and electron microscope study. 
Method used is similar to ion etching of 
metallic specimens. Representative opti- 
cal and electron micrographs illustrate 
the applicability of method for develop- 
ing microstructure of these materials. — 
INCO. 16471 


3. CHARACTERISTIC 
CORROSION PHENOMENA 


3.7 Metallurgical Effects 


3.7.3, 6.3.20, 3.4.6 

The Welding of Zircaloy-2. J. G. 
Purchas, D. R. Harries and H. Cobb. 

it. Welding J., 4, No. 9, 412-421 
(1957). 

Zircaloy-2 is used for canning nuclear 
fuel-elements in water-cooled reactors, 
and sound welds are essential. Contami- 
nation by nitrogen during welding 
might cause severe corrosion in serv- 
ice. Specimens were welded in a con- 
trolled-atmosphere chamber under 
reduced pressure in highly purified argon. 
If less than one ppm of gaseous im- 
purity was introduced above that con- 
tained in the argon into the chamber, 
corrosion-resistant welds were pro- 
duced. The gaseous impurities in 
normal high-purity argon did not affect 
corrosion-resistance, nor did contents of 
150 ppm nitrogen or 0.13 per cent car- 
bon in the Zircaloy-2, but the introduc- 
tion of 230 ppm nitrogen and 60 ppm 
oxygen caused inferior corrosion-resist- 
ance. Projection welding on a spot- 
welding machine gave fully fused joints 
under a variety of conditions, provided 
that a reasonable amount of upset was 
applied; the welds had _ satisfactory 
corrosion-resistance.—MA. 16251 


3.7.3, 359 

Brazing for High Temperature Use. 
G. S. Hoppin. Gen. Elec. Co. Steel, 141, 
No. 9, 82-84, 86 (1957) August 26. 

Nickel-chromium-silicon-boron, nickel- 
silicon-boron and_nickel-chromium-sili- 
con alloys make brazing a feasible 
method of fabricating assemblies used 
at extreme high temperatures. Alloys 
have good high temperature properties 
and assemblies brazed with them have 
a safe service temperature of 2000 F. 
Applications include many critical high 
temperature parts for automotive, air- 
craft and atomic energy equipment. 
Problems in operation of brazing proc- 
ess are erosion, brittleness of joints pro- 
duced, adverse effects on parent metals 
and atmosphere purity requirements. 
Brazing of stainless steels and high- 
temperature alloys is discussed, Photos. 


—INCO. 16173 


= 
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3.7.3, 6.7.2 

Bonding of Cermet-Valve Compo- 
nents to Metals. G. M. Slaughter, P. 
Patriarca and W. D. Manly, Paper be- 
fore Am, Welding Soc., Annual Spring 
Mtg., St. Louis, April 14-18, 1958. 
Welding J., 37, No. 6, 249s-254s (1958) 
June. 

Techniques and procedures used to 
bond cermet-valve components success- 
fully to metals for high-temperature 
fluid service. Cermets studied contained 
varying percentages of titanium car- 
bide, tungsten carbide, tungsten-tita- 
nium complex carbide, and niobium- 
tantalum-titanium complex carbide. 
Binder materials were primarily nickel 
and cobalt. Results of wetting tests on 
these cermets with different brazing al- 
loys are presented, as are photomicro- 
graphs of most promising cermet-to- 
metal joints. Of brazing alloys tested, 
cermets containing large percentages of 
titanium carbide were adequately wet 
only by nickel-silicon-boron-iron, 
nickel-chromium-silicon-boron-iron and 
palladium-nickel alloys, Procedure for 
attaching cermets is described wherein 
a nickel or tungsten-base alloy cushion 
is brazed between cermet and Inconel 
to absorb stresses resulting from differ- 
ential thermal expansion. Direct high- 
temperature bonding procedure is also 
discussed in which cermets of titanium 
carbide-nickel type are joined to nickel 
without use of separately applied braz- 


Abstracts in This Section are selected 
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scribers to the NACE Abstract Punch 
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ing alloy. Cermet 1s placed in intimate 
contact with the nickel and heated to 
approximately 1350 C in inert atmos- 
phere.—INCO. 16735 


3.7.3, 6.2.4 

A Method of Controlled Slow 
Quenching of Impact-Test Bars. M. R. 
Meyerson and S. J. Rosenberg. Paper 
before Journées d’Automne, 1957. Rev. 
Mét., 55, 318-322 (1958) April. 

Description of method for heat-treat- 
ment of impact specimens, producing 


TECHNICAL 
REPORTS 


Corrosion in Oil and 
Gas Well Equipment 


T-1A Survey of Corrosion Control in Cali- 
fornia Pumping Wells. A Report of 
T-1A on Corrosion in Oil and Gas Well Equip- 
ment, Los Angeles Area. Pub. 54-7. Avail- 
able only in Aug. ‘54 issue of CORROSION 
at $2.00 per copy. 
TP-1 Report on Field Testing of 32 Alloys 
in the Flow Streams of Seven Con- 
densate Wells (Pub. 50-3) NACE members, 


$8; Non-members, $10 per Copy. 
Well Completion and Corrosion 


T-1B-1 

Control of High Pressure Gas 
Wells—A Status Report of NACE Task 
Group T-1B-1 on High Pressure Well Com- 
pletion and Corrosion Mitigation Procedure. 


Pub. 59-6. Per Copy $.50 
T-1C Current Status of Corrosion Mitiga- 
tion Knowledge on Sweet Oil Wells. 
A Report of Technical Unit Committee T-1C 
on Sweet Oil Well Corrosion. Per Copy, $.50. 
T-1C Field Practices for Controling Wa- 
ter Dependent Sweet Oil Well Corro- 
sion. A Report of Technical Unit Committee 
T-1C on Sweet Oil Well Corrosion, Compiled 
by Task Group T-1C-1 on Field Practices. 
Pub. No. 56-3, Per Copy $1.00. 
T-1C Status of Downhole Corrosion in the 
East Texas Field—A Report of NACE 
Tech. Unit Committee T-1C on Sweet Oil Well 
Corrosion. Pub. 57-23, Per Copy $.50. 


T-1C Water Dependent Sweet Oil Well 

Corrosion Laboratory Studies—Re- 
ports of NACE Tech Unit Committee T-1C on 
Sweet Oil Well Corrosion. Pub, 57-24, Per 


Copy $.50. 

T-1C Theoretical Aspects of Corrosion in 
Low Water Producing Sweet Oil 

Wells—A Status Report of NACE Tech. Unit 

Committee T-1C Prepared 7 a Group 


T-1C-4. Pub. 58-4, Per Copy 

T-1C Experience With Sweet Oil Well 
Tubing Coated Internally With Plas- 

tic—A Status Report of Unit Committee T-1C 

on Sweet Oil Well Corrosion. Pub. 58-8, Per 

Copy $.50. 


TP-1D Sour Oil Well Corrosion. Corrosion 
August, 1952, issue, only at $2.00 
Per Copy. 


TP-1G Field Experience With Cracking of 

High Strength Steel in Sour Gas and 
Oil Wells. (included in Symposium on Sulfide 
Stress Corrosion.) (Pub. 52-3) Available only 
in Oct. 1952 issue of Corrosion at $2.00 Per 
Copy. 
T-1G Sulfide Corrosion Cracking of Oil 
Production Equipment. A Report of 
Technical Unit Committee T-1G on Sulfide 
Stress Corrosion Cracking. Pub. 54-5. Avail- 
able only in Nov. 1954 Issue of Corrosion at 
$2.00 Per Copy. 


T-1G Hydrogen Absorption, Embrittiement 

and Fracture of Steel. A Report on 
Sponsored Research on Hydrogen Sulfide 
Stress Corrosion ——s Carried on at Yale 
University, Supervised by NACE Technical 
Unit Committee T-1G - Sulfide Stress Cor- 
rosion Cracking by W. D. Robertson and 
Arnold E. ceaets. "pub. 57-17. Per copy $2. 
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uniform and accurately-controlled slack- 
quenched microstructures and hardness 
at locations where notches are to be 
placed. Technique is a modification of 
end-quenching, and is considered of 
value in study of steels, Some data are 
presented for low-alloy chromium- 
nickel-molybdenum steels, showing del- 
eterious effect of slack-quenching upon 
impact properties of some steels, In 
tempered steels, deleterious effect in- 
creases with decreasing slack-quenched 
hardness.—INCO. 16770 


T-1J Status Report of NACE Technical 
Unit Committee T-1J on Oil Field 
Structural Plastics. Per Copy $1.00. 

T-1J Reports to Technical Unit Commit- 
tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Loing-Term Creep of Pipe Ex- 
truded from Tenite Butyrate Plastics. Part 
2, Structural Behavior of Unplasticized Geon 
Polyvinyl! Chloride. Publication 55-7, Avail- 
able only in June, 1955 Issue of Corrosion at 
$2.00 Per Copy. 

T-1J Summary of Data on Use of Struc- 
tural Plastic Products in Oil Pro- 
duction. A Status Report of NACE Technical 
Unit Committee T-1J on Oilfield Structural 
Plastics. Available only in June, 1955 Issue of 


Corrosion at $2.00 Per Copy. 

T-15 Service Reports Given on Oil Field 
Plastic Pipe. Activities Report of 

T-1J on Oilfield Structural Plastics. Per 


Copy $.50. 
T-1J Oilfield Structural Plastics Test Data 
are given. Activities Report of T-1J 
on Oilfield Structural Plastics. Per Copy $.50. 
T-1J Reports to Technical Unit Commit- 
tee T-1J on Oil Field Structural 
Plastics. Part 1—The Long Term Strengths 
of Reinforced Plastics Determined by Creep 
— Part 2—Microscopic Examination 
as a Test Method for Reinforced Plastic Pipe. 
Per Copy $.50. 
T-1J Status Report of NACE Technical 
Unit Committee T-1J on Oil Field 
Structural Plastics. Part 1—Laboratory Test- 
ing of Glass-Plastic Laminates. Part 2— 
Service Experience of Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field Tests of 
Glass-Reinforced Plastic Pipe. Per Copy $.50. 


T-1J Service Experience of Glass Rein- 

forced Plastic Tanks—Status Re- 
port of NACE Technical Unit Committee 
T-1J on Oil Field Structural Plastics. Pub. 
57-18. Per Copy $.50. 


T-1J Experience with Oil Field Extruded 

Plastic Pipe in 1955—A Report of 
NACE Technical Unit Committee T-1J on 
Oil Field Structural Plastics, Pub. 57-19. 
Per Copy $.50. 


T-1K Proposed Standardized Laboratory 
Procedure for Screening Sa 
Inhibitors for Oil and Gas Wells. A Report 
of T-1K on Inhibitors for Oil and Gas Wells. 
Publication 55-2. Per Copy $.50. 
T-IM Suggested Coating Specifications 
for Hot Application of Coal Tar 
Enamel for Marine Environment. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing 
Equipment in Offshore Installations. Publica- 


tion No. 57-8. Per Copy $.50. 
T-1M Suggested Painting Specifications 

for Marine Coatings. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing Equip- 
ment in Offshore Installations. Publication 
No. 57-7. Per Copy $.50. 


Remittances must accompany 111 orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 60c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 
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3.7.4 

Solution of Graphite in Austenite. (Iy 
Russian.) K. P. Bunin and A. A. Bara- 
nov. Metalloved. I Obrabotka Metalloy, 


No. 7, 15-18 (1958) July. Translation 
Available from Henry Brutcher, Tech- 


nical Translations, P. O. Box 157, Alta- 
dena, California. 
Experiments aimed at 
correctness of various hypotheses ad- 
vanced about the healing (filling) of 
pores resulting from graphite passing 
into solution in austenite, and at elucidat- 
ing effect of the state of austenite on 
healing rate. Results, 2 figures.—HB. 
16748 


checking the 


3.7.4, 6.3.19 

Effect of Gaseous and Liquid Environ- 
ments on the Brittle Fracture of Zinc 
Single Crystals. L. C. Weiner. Trans, 
Met. Soc. Am. Inst. Mining and Met, 
Engrs., 212, No. 3, 342-343 (1958) June. 

The cleavage strength of initially clean 
zinc single crystals was increased by 
immersion in a liquid or gaseous me- 
dium only if the medium reacted with 
the zinc to form an adherent surface 
film. 1 table.-—ZDA. 16698 





3.8 Miscellaneous Principles 





3.8.2, 6.3.20 

Electrochemical Behavior of Zirco- 
nium. pH-Tension Equilibrium Diagram 
of the Zirconium-Water System at 25° C. 
(In French.) M. Maraghini, P. van Rys- 
selberghe, E. Deltombe, N. de Zoubov 
and M. Pourbaix. Centre Belge d’Etude 
de la Corrosion, Rapport Technique No. 
45, January, 1957, 1-10. Available from 
Cebelcor, 21 rue des Drapiers, Brussels, 
Belgium. 

On the basis of values of free energy 
of formation at 25 C. of the different 
constituents of the zirconium-water sys- 
tem, a diagram was constructed as 4 
function of the pH and of the electrode 
voltage, representing the corrosion be- 


havior and passivation of zirconium.— 
BTR. 14334 
3.8.2, 3.8.4 


Note on the Rate of Evolution of Hy- 
drogen at . Magnesium Anode. J. H. 
Greenblatt. Can. J. Chem., 36, No. 8 
1138-1140 (1958) August. 

Recent work on the mechanism of the 
anodic dissolution of magnesium is re- 
viewed and additional data on the tem- 
perature dependence of the rate of hy- 
drogen evolution at magnesium anodes 
during electrolysis is given. It is con- 
cluded that the results obtained and the 
literature on this subject are explained 
more logically by a kinetic mechanism 
involving initial solution of a univalent 
magnesium ion followed by subsequent 
reaction of this ion with water than by 
postulating self-corrosion with hydrogen 
evolved at local cathodes. (auth)—ALL. 

16517 


3.8.4 

Relationship Between the Rate-Con- 
trolling Step of the Mass-Transfer Proc- 
ess and Distribution of Corrosion At- 
tack. J. L. Scott and J. W. Prados. Oak 
Ridge National Lab. U. S. Atomic en- 
ergy Commission Pubn., CF-58-7-104, 
July 16, 1958, 9 pp. Available from Ot- 
fice of Technical Services, Washington, 
Dk. 

Equations are derived which relate 
the distribution of corrosion attack or 
cold-zone deposits with the rate-con- 
trolling step of a system which exhibits 
a thermal-gradient mass transfer. Char- 
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acteristic distributions of attack and 
deposition are illustrated for thermal- 
gradient mass-transfer ‘processes which 
are: 1) hot-zone controlled, 2) cold-zone 
controlled, and 3) both hot-zone and 
cold-zone controlled and the limitations 
of the method are discussed. It is con- 
cluded that both the hot-zone and cold- 
zone processes must be understood be- 
fore the conditions leading to the least 
undesirable distribution of attack can be 
specified. (auth).—NSA. 16627 


3.8.4, 3.2.3, 6.2.2 

The Concentration Gradient of Iron- 
lon-Vacancies in Wustite Scaling Films 
and the Mechanism of Oxidation of Iron. 
H.-J. Engell. Acta Metallurgica, 6, No. 
6, 439-445 (1958) June. 

Concentration gradient of iron-ion- 
vacancies in Wustite scaling films is 
measured electrochemically. Films were 
obtained by oxidation of pure iron in 
oxygen at 650-1000 C. Concentration 
gradient of vacancies is constant over 
whole Wustite film. According to Wag- 
ners theory of scaling a constant con- 
centration gradient of mobile defects is 
expected under 2 conditions: diffusion 
coefficient of defects is independent of 
concentration; and thermodynamic ac- 
tivity of defects is proportional to con- 
centration. Both cases were almost ful- 
filed in case of iron-ion-vacancies in 
Wustite. From measured gradients and 
velocities of oxidation of iron specimen 
diffusion coefficients of mobile defects 
are calculated. At higher temperatures 
these values are larger than diffusion 
coefficients obtained from measurements 
of self-diffusion of iron in Wustite. 
Marker experiments show that this dif- 
ference may be due to participation of 
oxygen in transport of matter through 
Wustite. Graphs.—INCO. 16487 


3.8.4, 5.8.2, 6.2.2, 4.3.2 
Kinetics of the Dissolution of Iron in 
an Acid Medium. Pt. 2. Action of Cer- 
tain Additives in Relation to Adsorbed 
Hydrogen. (In Italian.) Liliana Felloni 
and Giampaolo Bolognesi. Annali di 
Chimica, 47, 996-1004 (1957) Sept. 
Dissolution tests in hydrochloric acid 
were conducted on samples of Armco 
iron to observe interaction caused by 
addition of inhibitor on quantity of hy- 
drogen adsorbed. Iron dissolved at end 
of tests was determined, and kinetics of 
evolution of hydrogen in presence of 
ethyl alcohol and of o-tolylthiourea, were 
followed. Action of inhibitors is char- 
acterized as deterrent to increase in 
overvoltage. 11 references.—MR. 
15252 


3.8.4, 3.2.3, 6.3.6 

Studies on the Mechanism of Sul- 
furization of Low-Percentage Copper- 
Aluminum Alloys. (In Polish.) Lucjan 
Czerski, Stanislaw Mrowec and Teodor 
Werber. Arch. Hutnictwa, 2, No. 2, 183- 
202 (1957). 

The scale on alloys of copper with 
aluminum forms as a result of simul- 
taneous and opposing processes of dif- 
fusion of copper and sulfur. The outer 
layer results from outward diffusion of 
copper ions and the inner layer from 
mward diffusion of sulfur—BTR. 14612 


3.8.4, 6.3.21 

The Oxidation Characteristics of the 
Alkali Metals. Pt. I. The Oxidation 
Rate of Sodium Between —79° and 
48° C. J. V. Cathcart, L. L. Hall and 
G. P. Smith. Acta Metallurgica, 5, 245- 
248 (1957) May. 


he oxidation rate of sodium was 


CORROSION ABSTRACTS 


measured at five temperatures: —/79, 
—20, 25, 35, and 48 C. The reaction rate 
in dry oxygen was found to be small, 
and the oxide films were highly pro- 
tective. The observed oxidation data 
were not quantitatively consistent with 
any of the previously proposed theoreti- 
cal rate equations; however, the general 
shape of the rate curves corresponded 
qualitatively to that predicted by the 
Cabrera-Mott oxidation model. It is sug- 
gested that the inadequacies of this 
model may be attributable to the inhomo- 
geneity of thin oxide films formed on 
metals.—BTR. 14599 


3.8.4, 3.4.9, 3.4.6, 3.7.4 

The Reaction of Germanium with 
Aqueous Solutions. Pt. I. Dissolution Ki- 
netics in Water Containing Dissolved 
Oxygen. Walter W. Harvey and Harry 
C. Gatos. Massachusetts Inst. of Tech- 
nology. J. Flectrochem. Soc., 105, No. 
11, 654-660 (1958). 

The dissolution of germanium in 
water was studied as a function of oxy- 
gen partial pressure, temperature, crys- 
tallographic orientation and mobile-car- 
rier density. It was found that, although 
thermodynamically feasible, germanium 
does not react with water, freed of oxy- 
gen, in the temperature range studied 
(up to 100 C). In the presence of oxygen 
the dissolution rate in pure water is a 
function of oxygen partial pressure, 
reaching a limiting value of the order 
of lug/em*/hr at 35 C under oxygen 
partial pressures greater than approxi- 
mately 0.5 atm. For a given oxygen 
pressure the dissolution rate is approxi- 
mately trebled for a ten-degree tempera- 
ture rise, the measured activation energy 
for the dissolution reaction being 19 + 2 
kcal/mole. The order of dissolution rates 
for the three principal crystallographic 
faces were found to be (100)>(110)> 
(111). No effect on the dissolution rate 
was found to result from changes in 
mobile-carrier concentrations brought 
about by doping or illumination. From 
dissolution rates and potentials it is con- 
cluded that the dissolution process is 
under cathodic control and that the rate- 
determinating step is the reduction of 
oxygen by germanium. 16719 


3.8.4, 6.4.2 

The Solution of Aluminum in Dilute 
Sodium Hydroxide Solutions. Part 3. A. 
G. Loshkarev. Zhurnal Prikladnoi Khimii 
(J. Applied Chem.) U.S.S.R., 30, No. 12, 
1861-1863 (1957). Available from As- 
sociated Technical Services, Inc., P. O. 
Box 271, East Orange, New Jersey. 

A kinetic study showing the process 
to be governed by the rate of steady- 
state diffusion in the first period and by 
the rate of nonsteady-state diffusion of 
the alkali to the hydroxide formed on 
the metal in the second. 3 figures, 3 
references.—ATS. 15346 


3.8.4, 8.2.2 

Corrosion and Iron Oxide Deposition 
Associated with Steam Power Stations. 
Edison Electric Institute Bulletin, 25, 
147-148 (1957) May. 

Battelle research program determining 
solubility product and rate of decompo- 
sition of ferrous hydroxide over a range 
of temperatures and calculation of free 
energies and heats of reactions involved 
in corrosion.—MR., 16202 


3.8.4, 4.7, 3.7.2, 3.4.8 

Dilute Solutions in Molten Metals and 
Alloys. C. B. Alcock and F. D. Richard- 
son. Acta Metallurgica, 6, No. 6, 385- 
395 (1958) June. 


73 


Measurements were made of activity 
coefficients of sulfur in molten copper 
and in binary alloys of copper with gold, 
silicon, platinm, cobalt, iron and nickel 
at 1100-1500 C. Results indicate that 
thermodynamic properties of dissolved 
sulfur either in elementary metals or in 
alloys, cannot be explained solely on 
basis of electron chemical potential of 
metals or corresponding electron:atom 
ratio. Chemical approach was developed 
leading to qualitative relation between 
activity coefficients of sulfur in elemen- 
tary metals and stabilities of metal sul- 
fides. It leads to semi-quantitative rela- 
tion between effect of alloying element 
at high dilution on activity coefficient of 
sulfur at low concentrations. Effect is 
function of activity coefficients of sulfur 
in the 2 elementary metals and activity 
coefficient of alloying element. Relation- 
ship was further developed to apply at 
high concentrations of alloying element 
and tested with success on variety of 
ternary systems. Tables, graphs.— 


INCO. 16469 


3.8.4, 6.3.16, 6.3.9, 3.4.6 

Kinetics of the Oxide Film Forma- 
tion On Tungsten and Molybdenum. 
(In Russian.) V. A. Arslambekov and 
K. M. Gorbunova. Inst. of Physical 
Chemistry, Academy of Sciences, USSR. 
Doklady Akad. Nauk SSSR, 119, 294- 
297 (1958) March 11. 

Descriptions are given of the installa- 
tion and the method for an accurate 
continuous analysis of the weight 
changes and oxidation processes in tung- 
sten and molybdenum in a wide range 
of oxygen pressures and temperatures. 
—NSA. 16440 


3.8.4, 3.4.9 
Metal-Water Reactions. Pt. VI Ki- 
netics of the Reactions of Water Vapor 
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with Strontium and Barium. Harry J. 
Svec and H. Gene Staley. Iowa State 
Coll., Ames. J. Electrochem. Soc., 105, 
121-125 (1958) March. 

Strontium and barium were reacted 
with water vapor and the kinetics de- 
termined in the temperature range 40 to 
66 C for water vapor pressures from 
17.5 to 92.5 mm mercury. The stoichio- 
metry varied according to the reaction 
conditions. For the strontium reactions 
the products were hydrogen and stron- 
tium hydroxide. For vapor pressures be- 
low 44 mm the products of the barium 
reactions were hydrogen and barium hy- 
droxide while for pressures above 44 
mm they were hydrogen and Ba(OH): 
e H:O. Manometric and _ gravimetric 
methods were employed in the kinetic 
studies. Both the strontium and lower 
vapor pressure barium reactions followed 
the parabolic rate law. At higher pres- 
sures the barium reaction followed a 
linear law. An activation energy of 
—5.2 + 0.2 kcal/mole was found for the 
strontium reactions. The activation en- 
ergy for the barium reactions was found 
to depend on reaction conditions. Higher 
temperature studies of the reactions be- 
tween water vapor and strontium, bar- 
ium, and calcium indicated that in cer- 
tain temperature ranges above 100 C 
completely protective coatings were 
formed similar to those observed in the 
oxidation of aluminum or chromium. 


(auth)—NSA. 





4. CORROSIVE ENVIRONMENTS 





4.3 Chemicals, Inorganic 


4.3.2 

Corrosion Problems with Fuming 
Nitric Acid. Rocket Fuel Requires New 
Tests. M. G. Fontana. Ohio State Uni- 
versity. Corrosion Technology, 4, No. 
12, 423-424 (1957) December. 

Corrosion fatigue of materials in fum- 
ing nitric acid; cathodic protection tests 
and stress-corrosion tests of certain 
types of stainless steel; polarization 
studies of aluminum and stainless steel; 
studies designed to show concentration 
cell corrosion, including corrosion by 
sludged fuming nitric acid—MR. 


4.3.2, 6.3.19, 6.2.2, 6.4.2, 6.4.4 

Investigation of the Zinc, Iron, Alu- 
minum, and Magnesium Corrosion in 
Aqueous-Dioxane Solutions of Certain 
Electrolytes. (In Russian.) Iu. B. Kle- 
tenik. Z Prikladnoi Khim., 30, No. 11, 
1626-1632 (1957) November. 

Studied corrosion in the following 
solutions: sulfuric acid, hydrochloric 
acid, acetic acid aqueous-dioxane solu- 
tions, and in aqueous-dioxane solutions 
of chlorides.—BTR. 15322 


4.3.2, 4.4.7, 7.6.4 

Sulfuric Acid Corrosion in Oil-Fired 
Boilers—Studies on Sulfur Trioxide For- 
mation. Donald R. Anderson and Frank 


P. Manlik. Trans. Am. Soc. Mech. 
Engrs., 80, No. 6, 1231-1238 (1958) 
August. 


Shows that a high sulfuric acid pro- 
duction level can result from the pres- 
ence of certain fuel ash constituents. A 
pilot-plant size experimental oil-fired 
boiler was used in studying the problem 
of sulfuric acid corrosion in air heaters 
and economizers.—BTR. 16452 


4.3.3, 4.2.3, 6.2.5 
Vanadium Pentoxide Corrosion of 
Metals at High Temperatures. Pt. III. 


Vol. 16 


Effects of Aluminum and Silicon on the 
Corrosion-Resistance of Nickel-Chro. 
mium Steels. (In Italian.) V. Cirilli and 
A. Burdese. Metallurgia Italiana, 49, 320- 
326 (1957) May. 

Study of systems vanadium pentoxide- 
silicon dioxide and vanadium pentoxide- 
aluminum oxide. Latter contains AlVO, 
with incongruent melting point 695 C. 
(+ 10), which forms eutectic with vana- 
dium pentoxide at 640 + 5 (30 percent 
alumina). Behavior at 700 of nickel, 
chromium, and high-alloy nickel-chro- 
mium steels containing aluminum and 
silicon, with regard to attack by vana- 
dium pentoxide is discussed.—INCO, 


14611 


4.3.3, 6.2.5, 3.8.3 
Corrosion Newsletter No. 4. J. L, 
English. Oak Ridge National Lab. U. §, 
Atomic Energy Commission Pubn., CF- 
51-8-230, August 18, 1951 (Declassified 
Feb. 14, 1957), 25 pp. Available from 
Office of Technical Services, Washing- § 
ton, DG. 
Successful stagnant corrosion tests on 
the corrosive effects of uranyl sulfate 
were obtained with nitric acid-pretreated 
stainless steel systems for as long as @ 
six weeks of continuous operations at 
250 C. Under conditions of the test, an 
estimate of the oxygen available in the 
system to maintain passivity was 0.28 
cc/cm’* of exposed surface area. X-ray 
diffraction studies disclose the stainless 
steel surfaces films to contain >80 per- 
cent a@*ferric oxide and <5 percent 
ferrous ferric oxide. Although the over- 
all test results may be influenced one 
way or another by the initial surface 
condition of the “used” bombs, indica- 
tions are that the oxygen requirement to 
maintain passivity on nitric acid pre- 
treated stainless steel surfaces is very § 
slight, <0.3 cc/cm?, under stagnant con- 
ditions. (auth)—NSA. 16231 
43.7, :6.2.2 E 
A Study of the Mechanism of the At- 7 
mospheric Corrosion of Iron in the 
Presence of Sulfur Dioxide as Aggres- 
sive Agent. (In Russian.) Z. A. lofa and & 
G. G. Besproskurnoy. Z. Fiz. Khim., 31, ® 
No. 10, 2236-2244 (1957) Oct. E 
Initial corrosion rate and sulfur di- & 
oxide concentration in the atmosphere. 
Analysis of the rust formed after 25 or 
30 hours. Ratio of the equivalents of 
sulfur and iron is close to 0.33. Electro- % 
chemical reactions at the iron surface 








under a film of water.—BTR. 15325 : 
4.6 Water and Steam ‘ 
4.6.2, 3.8.4 By 


Corrosion of Various Materials in | 
High Temperature Water. Final Report. 
L. H. Vaughan and K. Mildred Fergvu- § 
son. Babcock & Wilcox Co. for Knolls & 
Atomic Power Lab. U. S. Atomic En & 
ergy Commission Pubn., BW-5250, June F 
25, 1957, 143 pp. Available from Bab- 
cock & Wilcox Co., Research Center, © 
Alliance, Ohio. 

An investigation of the corrosion and 
deposition behavior of materials in high- 
temperature and high-pressure water 15 
presented. The effects of surface treat- 
ment and heat treatment on corrosion @ 
were investigated. A fretting corrosion © 
test was conducted to evaluate the ef: © 
fects of relative motion or vibration 0! 
fuel elements in contact with each 
other. A detailed metallurgical examina 7 
tion of a number of materials tested is 
included.—NSA. 16390 © 
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46.2, 3.7.3, 6.2.5 : 

Corrosion Resistance in 680 F. Water 
of Type 304 Stainless Steel Brazed 
Joints. J. M. Gerken. Knolls Atomic 
Power Lab. U. S. Atomic Energy 
Comm. Pubn., KAPL-M-JMG-8, March 
29, 1957, 13 pp. Available from Office of 
Technical Services, Washington, D. C. 

The corrosion resistance of several 
brazing alloys suitable for brazing type 
304 stainless steel was determined quali- 
tatively. The corrosion resistance in 680 
F. SAR water of all brazes was good. 
Some brazing materials exhibited su- 
perior corrosion resistance in 680 F. 
water. These were a silver-copper eutec- 
tic BT, pure copper, pure gold, gold 
with 20 per cent copper, gold with 18 
per cent nickel, copper with 20 per cent 
palladium and 3 per cent indium, 65 per 
cent palladium-35 per cent nickel, and 
ANP-81. (auth)—NSA. 14656 


4.6.2, 6.4.2, 5.8.2 

Corrosion of Aluminum in High-Tem- 
perature Water. Part III. Inhibition of 
Corrosion by Sodium Silicate. R. M. 
Haag and F. C. Zyzes. Knolls Atomic 
Power Lab. U. S. Atomic Energy Comm. 
Pubn., KAPL-1741, February 28, 1957, 
18 pp. Available from Office of Techni- 
cal Services, Washington, D. C. 

The corrosion rate of 2-S aluminum 
in high purity water and in 0.01, 0.1 and 
l wt. per cent sodium silicate solutions 
has been measured at 200 and 250 C. A 
marked inhibition of corrosion was ob- 
served in the more concentrated solu- 


tions. (auth)—NSA. 14648 


4.6.4, 8.9.5, 5.8.2, 1.3 

A Quarter Century of Cooling Water 
Treatment for Naval Diesel Engines. 
F, E. Clarke. Naval Eng. Exper. Sta- 
tion. J. Am. Soc. Naval Engrs., 70, No. 
2, 261-277 (1958) May. 

Review covers: pioneer cooling system 
studies by the Navy; adoption of triso- 
dium phosphate as first approved cool- 
ing water treatment; tests leading to 
use of soluble oils and experience with 
these inhibitors; evolution of alkaline 
chromate and its adoption as standard 
treatment for iron diesel engines; prob- 
lems presented by aluminum engine 
blocks (cavitation effects); and return 
to soluble oils for protection of alumi- 
num blocks. Mention is made of progress 
in waterside cleaning. Present research 
in cooling water treatment is enumer- 
ated. Treatment of aluminum engines 
with nickel and cobalt salts is latest item 
to appear. These treatments prevent 
corrosion by plating effects on water- 


side surfaces. Photographs, tables.— 
INCO. 16523 





5. PREVENTIVE MEASURES 





5.3 Metallic Coatings 





5.3.4 

Chromates as Applied to Hot Dip 
Zinc Coated Wire. M. S. Siddall. Wire 
and Wire Prod., 33, No. 7, 768-769, 809 
(1958) July. 

This is a general article describing 
three types of chromate treatment for 
Improving the corrosion resistance of 
galvanized wire. The irridescent type is 
said to give the best protection, but if 
a bright finish is required the leached 
type of coating or the one-dip process 
must be used. It is emphasized that the 
Operating conditions of the chromate 


bath should be carefully controlled.— 
DA. 16628 
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5.3.4 

The Brightness of Electrolytic De- 
posits and Its Relation to the Internal 
and External Structures of the Deposits. 
K. M. Gorbunova and A. A. Sutyagina. 
J. Phys. Chem., USSR (Zhur. Fiz. 
Khim.), 32, 785-790 (1958) April. 

Investigation of nature of brightness 
of deposits and its relation to internal 
and external structures of deposits. Data 
were obtained by study of effect of 
alternating current on electrocrystalliza- 
tion of nickel, zinc and cadmium from 
sulfate solutions with various surface- 
active agents. Comparison of data from 
structural studies on deposits (size, 
shape, structure of crystal faces and 
their mutual disposition) with results of 
measurements of reflection coefficient 
confirms assumption that brightness is 
independent of size and mutual orienta- 
tion of crystals in deposit. X-ray and 
electron-microscope studies of zinc de- 
posits led to conclusion that relief of 
individual crystals and deposits as a 
whole plays predominant part in appear- 
ance of brightness —INCO. 16513 


5.3.4 

The Effect of Lead in the Galvanizing 
Bath on the Ductility of Galvanized 
Coatings on Steel. M. A. Haughton. 
British Non-Ferrous Metals Research 
Assoc., Research Rept. R.R.A. 1149, 
June, 1957. Sheet Metal Inds., 35, No. 
374, 453-458 (1958) June. 

Experiments were made to determine 
whether any effect of lead in bath upon 
ductility of coating could be observed 
in small hand-dipped sheet specimens 
galvanized under conditions of bath 
composition, temperature and time of 
immersion such as would be found in 
industrial strip or wire galvanizing plant. 
Variables included type of steel, bath 
composition and dipping time. Presence 
of lead was found to have no appreciable 
effect on ductility or weight of coating. 
Tables, photomicrographs.—INCO. 


16489 
5.3.4, 3.8.4 

Some Problems in the Theory of the 
Electrodeposition of Alloys. Pt. VI: The 
Mechanism of Formation of Supersatu- 
rated Solid Solutions and Two-Phase 
Systems During the Electrocrystalliza- 
tion of Alloys. (In Russian.) Y. M. Polu- 
karov and K. M. Gorbunova. J. Phys. 
Chem., USSR (Zhur. Fiz. Khim.), 32, 
762-768 (1958) April. 

X-ray study made on electrodeposited 
copper-lead, copper-silver and copper- 
nickel alloys. Formation of solid solu- 
tions or two-phase systems on cathode 
is associated with work of formation of 
new phase nucleus and in electrolysis is 
determined by electrode potential.” It is 
shown that during electrodeposition of 
alloy at low polarization, formation of 
equilibrium or supersaturated solid solu- 
tions should be observed even when, ac- 
cording to phase diagram, components 
are not mutually soluble in solid form. 


Conversely at high polarization, two- 
phase systems may be formed even 
when continuous series of solid solu- 


tions are indicated by phase diagram.— 


INCO. 16611 


5.3.4, 5.4.5 

Paint Finishing of Hot-Galvanized 
Steel. (In French.) J. F. H. Van Ejijns- 
bergen. Peint. Pig. Vernis, 34, No. 1, 
3-9 (1958); English Translation in Ind. 
Finishing, 10, No. 117, 34-36 (1958); 
Account in Dutch in Verfkroniek 31, 
No. 6, 243-249 (1958). 

The zine surface must be previously 
prepared mechanically or chemically. 
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Choice of cleaning solutions and wash- 
primers are discussed. The galvanized 
surfaces can be renovated with zinc-rich 


paint.—RPI. 16714 


5.3.4, 5.9.4, 2.2.2 

Comparing Exposure Tests on the 
Corrosion Resistance of Passivated Gal- 
vanized Steel. (In German.) T. Biestek. 
Werkstoffe u. Korrosion, 9, 434-439 
(1958) July. 

Results of three-year exposure tests 
on galvanic zinc coatings passivated by 
15 different chemical methods. Test at- 
mospheres were industrial, urban, rural 
and marine. Considerable variation in 
corrosion resistance was observed with 
use of different acid and chromate solu- 
tions for passivating. Comparison of ex- 
posure and accelerated tests. 10 refer- 
ences.—MR. 16758 


5.3.4, 5.4.2, 6.3.10, 4.3.3 

Protective Coatings on High-Temper- 
ature Strength Alloys. V. A. Parfenov. 
Metalloved. I Obrabotka Metallov, No. 
6, 33-37 (1958) June. Translation Avail- 
able from Henry Brutcher, Technical 
Translations, P. O. Box 157, Altadena, 
Calif. 

Localized corrosion of high-tempera- 
ture strength nickel-base alloys (such as 
20 per cent chromium, 2.4 titanium, 0.7 
aluminum, balance nickel) for gas tur- 
bine blades, caused by presence of vana- 
dium (pentoxide) and sodium in some 
fuels. Experimental study of protection 
given to such alloys by chromium elec- 
trodeposited in various thicknesses, or 
by enamel coating. Effect of such coat- 
ings on the endurance strength at 750- 
800 C (1380-1470 F). Preparation of 
specimens for fatigue testing; chromium 
plating and enameling practices; compo- 
sition of enamel; relation between effec- 
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tiveness of enamel coatings and _ their 
firing temperature. Results of fatigue 
tests. Results of microexamination after 
fatigue testing; condition of the two 
types of coating; their performance with 
increasing testing time. 5 figures.—HB. 

16615 





5.4 Non-Metallic Coatings 
and Paints 





5.4.2 

New Protective Silicate Coating for 
Metals. (In German.) ,Otto Loebich. 
Werkstoffe u. Korrosion, 9, No. 7, 423- 
424 (1958). 

By drying on to metals waterglass 
solutions and ageing the 0.2-several-p 
thick silicious film, a protective trans- 
parent coating is formed called “Inver- 
ron.” It protects silver, copper and cop- 
per alloys from air corrosion, prevents 
white rust on zinc and preserves the 
surface lustre. It protects against many 
aqueous solutions at room temperature 
and prevents the scaling of copper, iron 
and nickel between 150 and 300 C. A 
5-10-u coating has a breakdown poten- 
tial of 220 V. At 400 C air passes 
through and scaling occurs beneath. It 
will not protect non-noble metals against 
strong acids or alkalis, nor iron and 
steel against flowing-water attack. The 
chemical nature of the film is described. 


—MA. 17478 
542, 73 
Enamelled Magnet Wire. H. L. Saums 


and W. W. Pendleton. Elect. Manufac- 
turing, 60, No. 4, 129-148 (1957). 

The advantages and disadvantages of 
many type¢ of wire enamel, including 
synthetic resin enamels, are considered. 
The properties of these materials are 
tabulated. 16 references.—RPI. 16342 


5.4.6 

Which Organic Coating? Howard R. 
Rothenberg. Materials and Methods, 45, 
No. 6, 102-106 (1957). 

The selection of protective coatings is 
discussed, and a chart shows how per- 
formance, decorative and cost require- 
ments are met by 19 types of coating. 
Applications are illustrated and a typical 
specification given.—MA. 16324 


5.4.5 


Causes and Examination of Paint De- 
fects on Rail and Road Vehicles. P. 
Baur. Ind.-Lack.-Betrieb, 26, No. 4, 91- 
101 (1958). 

The causes of paint film defects on 
the metallic and non-metallic surfaces of 
vehicles, classified according to occur- 
rence at the substrate, in the film, or on 
the film surface, and relating principally 
to alkyd and N.C. finishes, are discussed. 
—RPI. 16470 


5.4.5, 5.3.4 

Organic Coatings for Zinc Surfaces. 
P. Costelloe and E. Page. Trans. Inst. 
Metal Finishing, 35, 107-114 (1958); 
3ull. Inst. Metal Finishing, 8, No. 2, 
107-114 (1958) Summer. 

Describes the results of atmospheric 
exposure and other tests on a wide 
range of paints applied to steel after 
zinc plating, both chromate and phos- 
phate treated and hot dip galvanizing. 
It is emphasized that complete paint 
systems should be tested as the per- 
formance of a primer alone is not re- 
lated to its performance when covered 
with a finishing paint—ZDA. 16435 


5.4.7, 8.9.2 
Painting (a New Car). P. C. Bardin. 


6a 
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Industrial Finishing, 34, No. 1, 62+-7 pp. 
(1957). 

The process includes pre-cleaning and 
surface smoothing, six-stage cleaning- 
phosphatizing, drying-off. application of 
prime coats, baking, wet sanding, dry- 
ing-off again, tack rag wiping, and ap- 
plication of two coats of colored enamel 
followed by baking. Special features are 
the automatic contour spray painting 
machines for bodies and exposed parts 
and masking for two- and three-color 


jobs.—RPI. 16162 


5.4.7 

Multiple Facilities Speed Appliance 
Painting. T. A. Bottiggi. Ind. Finishing, 
34, No. 6, 20 + 8 pp. (1958). 

Describes how sheet metal parts for a 
variety of products are cleaned, surface- 
treated, painted and baked on the differ- 
ent conveyor lines which serve four 
kinds of painting facilities—hand spray- 
ing, flow coating and two electrostatic 
painting set-ups.—RPI. 16460 


5.4.8, 8.9.5 

Plastics in Ships’ Hull and Accommo- 
dation Spaces. J. West. Brit. Plast., 31, 
No. 5, 192 (1958). 

During recent years, investigation has 
been carried out on the use of vinyl 
resins for application to ships’ hulls. 
Vinyl paints provide a good surface with 
high corrosion and fouling resistance 
and have a life of about two years. 
Costs, although initially higher, are off- 
set by reduced maintenance. Epoxy resin 
paints are also being used, particularly 
inside cargo oil tanks. Other coatings 
used to protect small manufactured arti- 
cles include ‘polyvinyl chloride, nylon, 


polythene, polytetrafluoroethylene and 
neoprene-based self-curing rubber.— 
RPI. 16691 


5.8 Inhibitors and Passivators 





5.8.1, 6.3.19 

Passivation of Zinc in the Gas Phase 
by Means of 1, 1-Dimethylethane-1-ol 
Chromate. (In German.) L. Cerveny. 
Werkstoffe u. Korrosion, 8, No. 8/9, 
543-546 (1958) August/September. 

Tertiary butanol chromate was_ in- 
vestigated as a vapor phase passivating 
agent for zinc. It was found that the 
resistance of zine to corrosion after 
treatment depended on the length of 
time the zinc was exposed to the vapor. 
Investigations into the mechanism of 
the reaction between tertiary butanol 
chromate and zinc showed that the par- 
tial pressure of the air determines the 
velocity of passivation. Sometimes zinc 
specimens passivated in this way were 
found to have greater resistance to cor- 
rosion than those treated with solutions 
of chromic acid. 9 figures.—ZDA. 16793 


5.8.2, 4.4.8 

Lab Inhibitor Stops DEA Corrosion. 
J. D. Sudbury, O. L. Riggs and J. F. 
Leterie. Petroleum Refiner, 37, 183-184 
(1958) May. 

Corrosion studies of alkanolamine sys- 
tems revealed a peculiar type of thread- 
like corrosion called filiform corrosion. 
New inhibitor controls it in laboratory 
tests.—MR. 16668 


5.8.3 

The Use of Data from Electrocapil- 
lary Measurements in Studying Inhibi- 
tors of the Acid Corrosion of Metals. 
L. I. Antropov, et al. J. Applied Chem., 
USSR (Zhur. Priklad. Khim.), 31, No. 
10, 1497-1503 (1958). 


Inhibitor efficiency is shown to be 


Vol. 16 


directly related to a decrease in surface 
tension at the mercury-solution inter- 
face at a potential corresponding to the 
steady-state potential of the corroding 
metal. 4 figures, 30 references.—ATS, 


16442 


5.8.3, 3.6.8 

Effect of Amines on Polarization of 
Iron Electrodes. A. F. Schram and L, 
R. Burns. Agriculture and Mechanical 
College of Texas. J. Electrochem. Soc,, 
105, No. 5, 241-245 (1958) May. 

An apparatus was designed and con- 
structed which gives a measure of effect 
of organic amine salts on the polariza- 
tion of iron cathodes in 1.0 normal sul- 
furic acid solution. Apparatus consists 
essentially of a Wheatstone Bridge cir- 
cuit in which 2 of the ratio arms are 
electrolysis cells with a common anode 
and separate iron cathodes. Elements of 
the bridge are arranged in such a way 
that the electrolysis currents through 
the 2 cathodes can be measured simul- 
taneously when the cathodes are at the 
same potential. Effect of the amine salts 
on the polarization of the iron cathodes 
was interpreted in terms of the apparent 
area changes brought about by adsorp- 
tion of the amines on the surface of the 
cathodes. These apparent area changes 
were then compared with the percent 
inhibitor efficiencies of the amines, as 
measured by corrosion rate studies. Over 
the concentration ranges employed, the 
percent inhibitor efficiency for each 
amine is a linear function of the appar- 
ent percent surface area masked by the 
amine. Since the _ different amines 
showed considerable specificity in the 
relationship between percent efficiency 
and apparent percent area masked, it is 
concluded that the action of the amine 
as a corrosion inhibitor is more than a 
simple masking of certain portions of 
the surface of the corroding metal. 
Graphs.—INCO. 16651 





5.8.4 

On the Passivating Properties of Sul- 
fate Ions. (In Russian.) I. L. Rosenfeld 
and V. P. Maksimchuk. Proc. Acad. Sci, 
USSR, Inst. of Phys. Chem. (Doklady 
Akad. Nauk), 119, 986-989 (1958) April 
11. 

Sufficient quantities of sulfate ion act 
as passifiers for the stainless steel. The 
passivation effect of SO, is conditioned 
by the presence of chromium and in a 
lesser degree by nickel. In the presence 
of chlorine and sulfate ions the processes 
on the electrode surface are assumed to 
be adsorptive and the sulfate ion passt- 
vation must be caused by its adsorption 
on the metal surface and its displace- 
ment of ions of chlorine —NSA. 16623 


5.8.4, 4.4.7 : 

The Preparation of Highly Effective 
Rust Inhibitors by Fractionation of Ma- 
hogany Sulfonates. K. R. Fisch. Frank- 
ford Arsenal. U. S. Army Ordnance 
Corps. March, 1957, 18 pp. Available 
from Office of Technical Services, U. 5. 
Dept. of Commerce, Washington 25, 
D. GC. (Order PB 131231). ; 

Very effective rust inhibitors for lubri- 
cants were prepared by the fractionation 
of commercial mahogany sulfonates, the 
products obtained from treatment. of 
crudes for the manufacture of white oil. 
Fractionation was accomplished by con- 
tinuous extraction of a solution of the 
sulfonate in 50 per cent isopropyl alcohol 
with petroleum ether. The rust-preven- 
tive effectiveness of the fraction of high- 
est equivalent weight (548, calculated 
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as the sodium salt) was found to be ap- 
proximately three times that of the 
original, unfractionated material. Infra- 
red spectra indicated that the fractions 
were all similar and that the structure 
was that of an alkylated benzene sul- 
fonate. Differences among the fractions 
were indicated to be in the size and 
possibly in the configuration of the alkyl 
side chains, and in the number of naph- 
thenic rings.—OTS. 15262 
—_——EE—EEEEE————————{—{_{—=—=—~=ECi————{=—{Z{Z—=—~~Ez~—~—~———_—_ 
5.9 Surface Treatment 


5.9.1 

Spray Cleaning, Pickling and Phos- 
phating. A. J. Steiger. Metal Finishing, 
56, No. 3, 48-51 (1958). 

Details of spray cleaning, pickling and 
phosphating by spray-jet methods are 
summarized. The phosphate coating ob- 
tained by the spray method using a 
solution of zinc monophosphate is not 
inferior in efficiency, and corrosion re- 
sistance to phosphate films obtained in 
hot phosphating.—RPI. 16664 


5.9.1, 6.4.2 

The Influence of Surface Pretreat- 
ment on the Atmospheric Oxidation of 
28 (U. S. Alloy 1100) Aluminium. Philip 
M. Aziz and Hugh P. Godard. J. Elec- 
trochem., Soc., 104, No. 12, 738-739 
(1957) Dec. 

The effect of several surface prepara- 
tions on oxidation rate of aluminum was 
studied and marked differences were ob- 
tained. In some cases these are ex- 
plained as being due to differences in 
true surface area. It was observed that 
surfaces containing amounts of em- 
bedded emery oxidize at rates which 
increase with the amount of emery in 
the surface—MA. 15714 


5.9.4, 3.5.9 

Corrosion Resistance of Anodized 
Coatings Suffering from Hairline Cracks. 
(In German.) H. Neunzig. Aluminium, 
34, 390-391 (1958) July. 

Influence of electrolyte temperature 
on susceptibility of bright anodized coat- 
ing 5-15 microns thick to hot cracking 
and corrosion. High-purity aluminum- 
magnesium alloy sheet anodized at 17 
and 25 C and then exposed to tempera- 
tures above 100 C. 15-micron coatings 
developed clearly visible hairline cracks 
which were susceptible to corrosion. 
High electrolyte temperature increased 
rate of corrosion when hairline cracks 
formed.—MR. 16625 


5.9.2, 5.4.5, 6.4.2 

Surface Treating and Protectively 
Coating Aluminum Windows. R. J. 
Anen. Industrial Finishing, 34, No. 3, 
28-30, 32 (1958). 

All parts are passed through an im- 
mersion cycle of 7 tanks comprising 
alkali cleaning and etching solutions, 
chromic acid and water rinses prior to 
the finishing coat of methyl methacry- 
late lacquer —RPI. 16772 


5.9.4 

Metallurgical Surface Treatment of 
Tinplate Produced in Liskovec (Czecho- 
slovakia). J. Teind] and A. Hrbek, Hut- 
nické Listy, 12, No. 4, 329-332 (1957). 
franslation available from Henry 
Brutcher, P. O. Box 157, Altadena, 
California. 

Properties of oxide layers (stannous 
and stannic oxides), with special refer- 
ence to their effectiveness in resisting 
the formation of black spots. Corrosion 
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of tinplate in various acids. Modification 
of the Protecta-Tin process for protect- 
ing cans.—BTR. 16422 


5.9.4 

Anodizing Bath for Magnesium Al- 
loys. M. W. Davies. Corrosion Tech- 
nology, 5, No. 9, 281-284 (1958) Sept. 

The ‘New Chrome’ process for ano- 
dizing magnesium alloys is described. 
This process is carried out using alter- 
nating current in a bath containing 
potassium hydroxide, aluminum, potas- 
sium fluoride, trisodium phosphate and 
potassium chromate in the following 
proportions: 120 g/1 potassium hydrox- 
ide; 13.5 g/l aluminum; 70 g/1 potas- 
sium fluoride; 35 g/l NasPOs,. 12 water; 
22 g/l potassium chromate. It is con- 
cluded that this anodizing bath offers 
advantages over the use of manganate in 
that the bath is cheaper and easier to 
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operate and, at the same time, the coat- 
ings have a better corrosion resistance. 
Coatings produced in this way are com- 
pared with those produced by the 
H.A.E. process. —ALL. 16493 


5.9.4, 6.4.2, 8.3.5 

Possibilities for the Practical Applica- 
tions of Boehmite Films. (In German.) 
D. Altenpohl. Metall, 12, No. 6, 503-507 
(1958) June. 

Surface protection by means of boeh- 
mite films is said to be most suitable for 
cooking utensils, containers and equip- 
ment used in the food industry, packag- 
ing material for food or other commer- 
cial goods and also for coating the 
interior of tanks and piping. The 
toughest boehmite films are obtained by 
subjecting aluminum to the effects of 
superheated water vapor or boiling water 
absolutely free from salt, and as free 
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Six articles by the late Dr. J. M. 
Pearson and one by an _ associate 
prepared under his leadership are 
reprinted for the information of 
new workers and established investi- 
gators into underground corrosion 
problems. Dr. Pearson, recipient of 
the 1948 NACE Speller Award for 
achievements in corrosion engineer- 
ing, is recognized for his outstanding 
work on problems associated with 
corrosion of metals underground. 
The articles, originally published dur- 
ing 1941-44 in The Petroleum Engi- 
neer and in Transactions of The 
Electrochemical Society are reprinted 
by permission in this book dedicated 
to him. * 


Papers included are: 
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Buried Pipelines 

“Null” Methods Applied to Corrosion 
Measurement 

Determination of the Current Required 
For Cathodic Protection 

Concepts and Methods of 
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Donald F. Van de Water 
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56 pages, 8x11 inches, paper Cover. 
1956. NACE Publication 56-12. Per 
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from silicon dioxide, as possible. Addi- 
tions of ammonium hydroxide or tri- 
ethanolamine (0.1N) accelerate the 
growth of boehmite films, whereby a 
milky discoloration occurs. Recommen- 
dations are given concerning the appli- 
cation of continuous processes in indus- 
trial boehmite coating of aluminum 
products.—ALL. 16467 


5.9.4 

The Modern Chlorate- Accelerated 
Phosphating Bath. E. Heinzelman. 
Metal Finishing, 55, No. 5, 61-64 (1957) 
May. 

Conventional corrosion tests on phos- 
phate coated steel panels show that coat- 
ings obtained from chlorate-accelerated 
zinc phosphate solutions have certain 
advantages over those from nitrate-ac- 
celerated solutions. They include a 
quicker rate of formation, a finer grained 
structure, less paint absorption, and bet- 
ter performance under impact and bend 


tests—ZDA. 14654 





6. MATERIALS OF CONSTRUCTION 





6.2 Ferrous Metals and Alloys 





6.2.2, 3.7.4, 8.8.5 

High-Chromium- Molybdenum White 
Iron for Abrasion-Resistant Castings. 
T. E. Norman. Climax Molybdenum Co. 
Foundry, 86, No. 6, 128, 130-131 (1958). 

High-chromium white irons consist of 
structure in which hard carbides of 
Cr:i€; type exist in matrix of martensite 
and/or austenite. Molybdenum additions 
suppress pearlite formation and effec- 
tively help to retain Cr;Cs carbides. Re- 
sult in turn permits use of higher carbon 
contents which normally improve abra- 
sion resistance. Well-balanced composi- 
tion for Climax Alloy 42 iron is: 3-3.5 
carbon, 0.3-0.6 silicon, 0.5-0.9 manganese, 
15-18 chromium, 2.75-3.25 molybdenum, 
0.06 maximum sulfur, 0.10 maximum 
phosphorus. In sections up to 1 in, 
castings of this alloy are used preferably 
in as-cast condition. Stress relief at 400- 
450 F improves toughness without in- 
juring abrasion resistance. Heavy-sec- 
tion castings should be heated slowly 
to 1900-1950 F, soaked 1 hour per inch 
of section, and cooled in air, followed by 
stress relief at 400-450 F. Table com- 
pares mechanical properties of Alloy 42 
with those of pearlitic white iron. Wear- 
resistant applications for Alloy 42 in- 
clude: sand pump impellers, wear shoes 
for spiral sand classifiers, flotation cell 
impellers, chute liners and grinding 
balls. In sand pumps and classifier wear 
shoes, high-chromium irons show 2-3 
times wear resistance of martensitic 
white irons of 4.5 nickel-1.5 chromium 
type.—INCO. 16601 


6.2.2; 3.22, S312 
Oxidation of Fe-Al-C Alloys. (In 
Czech.) Miloslay Vkylicky, 
Prenosil and Hanus Tuma. 
Listy, 13, 490-495 (1958). 
Study of alloys with varying alumi- 
num and carbon content in the range of 
900 to 1050 C. In some alloys oxidation 
is characterized by formation of blisters 
resulting from warping of initial protec- 
tive layer. Oxidation continued at greater 
rate on spot of blister formation. Metal- 
lographic examination indicated that 
warping of initial protective layer is 
caused by volume changes connected 
with transformation of epsilon phase to 
gamma phase. This transformation was 
conditioned during oxidation by reduc- 
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tion of aluminum _content in the base 
material in proximity to the surface. 16 
references.—MR. 16677 


6.2.2, 8.9.2 

New Acid Resistant Nodular Iron. 
(In Russian.) Z. B. Shapiro. Liteinoe 
Proizvodstvo, No. 5, 24-26 (1958) May. 

Development of corrosion resistant 
iron with 3 per cent carbon, 3 per cent 
silicon, 1 per cent manganese, 2.2 per 
cent chromium, 17.5 per cent nickel and 
8.5 per cent copper for use in automobile 
motor cylinder blocks.——MR. 16640 


6.2.5, 3.4.6, 4.6.2, 8.4.5, 3.4.3 

Corrosion in a Large Stainless Steel 
Circulating Water System at 475° F. 
(WAPD-D-LOOP TEST). P. Cohen 
and V. W. Thompson. Westinghouse 
Electric Corp. U. S. Atomic Energy 
Commission Pubn., WAPD-RM-160 
(Rev.), April 6, 1953 (Declassified 
March 18, 1957), 56 pp. Available from 
Office of Technical Services, Washing- 
ton, D.C. 

These tests confirm that forged 347 
stainless steel piping corrodes appreci- 
ably in water at 475 F., containing small 
amounts of dissolved oxygen and hydro- 
gen, forming primarily insoluble corro- 
sion products of which a large part ap- 
pears as “crud,” finely divided magne- 
tite, containing nickel and chromium 
oxides. At high dissolved hydrogen con- 
tents, the rate of formation of loose solid 
corrosion products is markedly de- 
creased, and suspended “crud” concen- 
trations are low. In the absence of ra- 
diation and at a crud concentration of 
0.25 ppm., deposition on zirconium sur- 
faces was essentially zero at 27-fps ve- 
locity, and measurable but not significant 
at a velocity of 6 fps. At low concentra- 
tions of crud of the order of 0.06 ppm., 
deposition was negligible even at 6-ips 
velocity. For reactor systems, where flux 
may cause deposition, operation under 
the conditions of the degassed run ot 
this test would be likely to result in 
serious fouling of fuel elements. Opera- 
tion with hydrogen appears to be a 
feasible means of eliminating the crud 
problem. (auth)—NSA. 15199 
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6.2.5 

New Alloy Steels Beat Process Buga- 
boos. Pt. II. D. B. Roach and A. M. 
Hall. Battelle Memorial Inst. Chem. 
Eng., 65, No. 11, 134, 136, 138 (1958) 
June 2. 

A new group of stainless steels, known 
as precipitation-hardening steels, holds 
great promise in chemical process ap- 
plications. The steels, combining high 
strength with corrosion resistance, are 
produced by a simple heat treatment. 
The steels contain elements such as 
aluminum, copper and molybdenum, 
which precipitate during the hardening 
treatment and combine the good corro- 
sion resistance of the 17 per cent chro- 
mium, 7 per cent nickel type 301 stainless 
steel with strength properties of the 400 
series. (auth)—NSA. 16593 


6.3.5, 8.4.5, 8.9.1 

A Columbium Primer. Chester T. Sims. 
Battelle Memorial Inst. J. Metals, 10, 
340-345 (1958) May. 

The occurrence and economics, extrac- 
tion, vacuum purification, alloying be- 
havior, fabrication, mechanical proper- 
ties and oxidation of niobium are dis- 
cussed. High-temperature applications in 
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atomic energy and missile or jet engine 
applications are reviewed.—NSA. 16646 


6.3.6, 6.7.3, 7.4.2, 4.6.4 , . 

Copper Alloys for Corrosion Resist- 
ance. R. V. L. Hall. Chem. Eng. Prog- 
ress, 54, No. 6, 51-55 (1958) June. 

Difficult problems in corrosion have 
been solved by combining copper alloys 
with ferrous or other alloys as duplex 
tube or clad components. A difficult cor- 
rosion problem was solved by use of 
stainless over 70-30 copper-nickel duplex 
tube specially fabricated into nested 
combination heating and cooling coils. 
For the particular batch process in- 
volved stainless steel was suitable, but 
failures in the form of stress-corrosion 
cracking were encountered from inside 
surface due to high chloride ion content 
of raw water used for cooling. Since 
most of the copper alloys are highly 
resistant to cracking and corrosion from 
water and brine it was decided to solve 
problem by constructing coil from du- 
plex tube with copper-nickel to circu- 
lating water side and stainless steel to 
product side. In addition to its superior 
over-all corrosion resistance this com- 
bination of duplex had about 25 per cent 
higher over-all corrosion resistance rate 
than straight stainless steel coils. Duplex 
with copper and 90-10 copper-nickel over 
stainless steel has recently been used 
to correct a severe pitting corrosion 
problem on cooling water side. Copper 
alloys are finding increasing use in pro- 
tecting other alloys from corrosive con- 
ditions in which the performance of the 
latter is unpredictable and that of the 
copper alloys is predictable. Dezincifi- 
cation, pitting and cracking corrosion 
of copper alloys are discussed. Photos, 
graphs, photomicrographs.—INCO. 

16725 
6.3.6, 5.4.8 

Brighter Prospects for Brass and 
Copper. Paul H. Margulies. Products 
Finishing, 22, No. 4, 54-57 (1958). 

A 10-60-sec dip in a 25 per cent am- 
monium persulfate solution at room 
temperature is claimed to remove stains, 
oxide films, etc. from brass and copper 
and provide a tarnish-proof (temporary) 
surface suitable for subsequent painting, 
electroplating or dip-soldering—MA. 


16544 





6.3.10, 8.5.3, 8.4.3, 8.3.1 

Paper, Gasoline, and Fertilizer: Three 
Cases for Nickel. H. O. Teeple. Ind. 
and Eng. Chem., 49, No. 4, 75A-76A 
(1957). 

The uses of nickel and nickel alloys 
in the paper, petrol and fertilizer indus- 
tries are described. Results for corrosion 
rates of Monel in Kraft pulps and white 
water and nickel in tricresyl phosphate 
are given.—MA. 16426 
6.3.15, 1.2.2., 3.5.8 

Chemical Engineering Applications of 
Titanium. B. J. Connolly. Chem. and 
Process Eng., 39, No. 7, 247-250 (1958) 
July. 

One of the advantages of titanium 
over stainless steel and other corrosion 
resistant materials is its remarkable re- 
sistance to pitting, stress-corrosion 
cracking and corrosion-fatigue in chlo- 
ride solutions. Table compares typical 
Prices of titanium lined and _ stainless 
Steel vessels. Although initial cost of 
titanium lined equipment may be higher 
than that of usual materials of construc- 
tion, saving in maintenance costs and 
lost-time production, which can be 
achieved over a period of time, can more 
than offset this higher cost. Photos.— 
INCO. 16797 
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6.3.15, 3.6.6 

Corrosion Resistance of Titanium. J. 
B. Cotton and H. Bradley. Chemistry 
and Industry, No. 22, 640-646 (1958) 
May 31. 

Electrochemical characteristics; be- 
havior of titanium in contact with other 
metals; resistance to stress cracking, 
erosion, and to certain halogens, acids, 
alkalis and chlorides; chart shows be- 
havior of titanium dissimilar metal cou- 
ples immersed in aerated seawater for 
2500 hours.—BL. 16800 


6.3.15, 3.7.4 

Composition vs. Hot Strength Dia- 
grams of Alloys of the Titanium-Vana- 
dium-Columbium System. (In Russian.) 
V. S. Vlasov and I. I. Kornilov. Bull. 
Acad. Sci., USSR, Chem. Sci. Section 
(Izvestiya Akad. Nauk SSSR, Otdel. 
Tekh. Nauk), No. 7, 136-139 (1958) 
July. Translation available from Henry 
Brutcher, Technical Translations, P. O. 
Box 157, Altadena, Calif. 

Study of hot strength of titanium-rich 
alloys in titanium-vanadium-niobium 
system. Phases present in this system. 
Preparation of alloys along three radial 
sections from titanium corner with vana- 


dium/niobium ratios of 3/1, 1/1 and 
1/3, respectively. Results. 3 figures.— 
HB. 16718 


6.3.20 

Zirconium and Its Alloys. C. Tyzack. 
U. K. Atomic Energy Authority, Indus- 
trial Group, Culcheth, Eng. Nuclear 
Eng., 3, No. 24, 102-114 (1958) Mar. 

A summary is presented of the metal- 
lurgical, physical, chemical, and nuclear 
data on zirconium, together with a brief 
discussion on the effects of irradiation 
and applications of the metal outside the 
nuclear industry. 73 references. (auth)— 


NSA. 15948 


6.3.17, 3.5.4 

Development and Properties of Ura- 
nium-Base Alloys Corrosion Resistant in 
High Temperature Water. IV. Radia- 
tion Stability of Uranium-Base Alloys. 
L. J. Jones, editor. Westinghouse Elec- 
tric Corporation, Bettis Plant. U. S. 
Atomic Energy Commission, WAPD- 
127, Pt. 4, May, 1957, 117 pp. 

Effects of pile irradiations on physical 
properties and corrosion resistance of 
uranium-9, —10.5, —12, and —13.5 w/o 
molybdenum, uranium-10 w/o niobium; 
and uranium-3.8 w/o silicon alloys. 
Changes in electrical resistivity, hard- 
ness, mechanical properties and crystal 
structure —BTR. 15333 


6.3.17, 4.6.2, 3.4.3 

An Investigation of Uranium Corro- 
sion in 100 C Water and 200 C Steam 
at Atmospheric Pressure. Oliver M. 


Stewart, Warren E. Berry, Paul D. 
Miller, Dale A. Vaughan, John B. 
Schroeder, Frederick W. Fink, and 


Charles M. Schwartz. Battelle Memorial 
Inst., U. S. Atomic Energy Commission 
Pubn., BMI-1271, June 19, 1958, 18 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

Material balance in atmospheric-pres- 
sure water and steam corrosion of ura- 
nium have been studied by examination 
of the phase composition and valence 
state of the corrosion product and by 
hydrogen-evolution measurements. The 
corrosion rates in atmospheric-pressure 
steam above 100 C are lower than those 
obtained in tests carried out in water 
with a hydrogen overpressure. The at- 
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mospheric-pressure- water corrosion 


product was found to be two phase: an 
oxygen-rich oxide. UO2.2., and uncorroded 
metal particles. No hydride phase was 
detected, in contrast to previously re- 
ported evidence for hydride in uranium 
corrosion. The differences are explained 
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PIPE LINE CORROSION 
T-2 Statement on Minimum Require- 


ments for Protection of Buried Pipe 
Lines. Prepared by a Special Task Group of 
NACE Technical Group Committee T-2 on 
Pipe Line Corrosion. Publication No. 56-15. 
Per Copy $.50. 


TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
members, $3; Non-members, $5 Per Copy. 


TP-3 First Interim Report on Ground 
Anode Tests. (Pub. 50-1) NACE 
members, $3; Non-members, $5 per copy. 


T-2B Final Report on Four Annual Anode 

Inspections. A Report of Technical 
Unit Committee T-2B on Anodes for Im- 
prea Current. Publication 56-1. Per Copy 


T-2B Use of High Silicon Cast Iron for 

Anodes. First Interim Report of Unit 
Committee T-2B on Anodes for Impressed 
Current. Publication No. 57-4. Per Copy $.50. 


T-2C Some Observations of Cathodic Pro- 
tection Potential Criteria in Local- 
ized Pitting. A Report of T-2C on Minimum 
Current Requirements for Cathodic Protec- 
tion Pub. 54-2. Available only in Aug. 1954 
issue of CORROSION at $2.00 per copy. 
T-2C Some Obseravtions on Cathodic Pro- 
tection Criteria. A contribution to 


the work of NACE Technical Unit committee 
T-2C. Publication No. 57-15. Per Copy $.50. 


T-2C 












































Criteria for Adequate Cathodic Pro- 
tection of Coated, Buried, Sub- 
merged Steel Pipelines and Similar Steel 
Structures. A Report of NACE Technical Unit 
Committee T-2C on Criteria for Cathodic 
Protection. Pub. 58-15. Per Copy $.50. 


T-2D Methods for Measuring Leakage Con- 

ductance of Coating on Buried or 
Submerged Pipe Lines—A Report of Tech. 
Unit Committee T-2D on Standardization of 
Procedures for Measuring Pipe Coating Leak- 
age Conductance. Pub. 57-27, Per Copy $.50. 
T-2G Tentative Recommended Specifica- 

tions and Practices for Coal Tar 
Coatings for Underground Use. A Report of 


Technical Unit Committee T-2G on Coal Tar 
Coatings for Underground Use. Per Copy $.50. 


T-2H First Interim Report. Tentative Rec- 

ommended Specifications for Asphalt 
Type Protective Coatings for Underground 
Pipe Lines—Wrapped Systems. A Report of 
NACE Technical Unit Committee T-2H on As- 
phalt-type Pipe Coatings. Publication No. 
57-11. Per Copy $.50. 


T-2H Second Interim Report. Tentative 
Recommended Specifications for As- 
phalt-type Protective Coatings for Under- 


ground Pipe Lines—Mastic Systems. A Report 
of NACE Technical Unit Committee T-2H on 
Asphalt-type Pipe Coatings. Publication No. 
57-14. Per Copy $.50. 


T-2H Tentative Recommended Specifica- 

tions for Asphalt-Type Protective 
Coatings for Se Pipelines (Mini- 
mum Recommended Protection). A Report of 
NACE Technical Unit Committee T-2H on 
Asphalt Type Pipe Coatings. Pub. 58-12. 
Per Copy $.50. 
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erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 60c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
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T-8 High-Temperature Hydrogen Sulfide 

Corrosion of Stainless Steel—A Con- 
tribution to the Work of NACE Tech, Group 
Committee T-8 on Refinery Industry Corro- 
sion, by E. B. Backensto, R. E. Drew, J. E. 
con and J. W. Sjoberg. Pub. 58-3, Per Copy 


T-8 Compilation and Correlation of High 

Temperature Catalytic Reformer 
Corrosion Data—A Contribution to the Work 
of NACE Tech. Group Committee T-8, by 
G. Sorell, Pub. 58-2, Per Copy $.50. 


T-5B-2 Effect of Sulfide Scales on Catalytic 
Reforming and Cracking Units. Part 
1—Metallographic Examination of Somples 
From a Catalytic Reforming Unit. Part 2— 
Intergranular Corrosion of 18-8 Cr-Ni Steel 
as a Result of Hydrolysis of tron Sulfide 
Scale. A Contribution to the Work of NACE 
Task Group T-5B-2 on Sulfide Corrosion at 
High Pressures and Temperatures in the 
Petroleum Industry, Per Copy $.50 


T-5B-2 Collection and Correlation of High 

Temperature Hydrogen Sulfide Cor- 
rosion Data—A Contribution to the Work of 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From M. W. Kellogg 
Co., New York by G. Sorell and W. B. Hoyt. 
Pub. 56-7. Per Copy $1.50. 


T-5B-2 High Temperature Hydrogen Sulfide 

Corrosion in Thermofor Catalytic 
Reformers-—A Contribution to the Work of 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From Socony Mobil 
Oil Co., Inc., Res. & Dev. Lab., Paulsboro, 
N. J. by E. B. Backensto, R. D. Drew, R. W. 
Manuel and J. W. Sjoberg. Pub. 56-8. Per 
Copy $1.00. 


T-5B-2 Effect of Hot Hydrogen Sulfide En- 

vironments on Various Metals—A 
Contribution to the Work of NACE Task 
Group T-5B-2 on Sulfide Corrosion at High 
Temperatures and Pressures in the Petroleum 
Industry: From Sinclair Res. Lab. Inc. Harvey, 
lil. Pub. 57-2. Per Copy $.50. 


T-58-2 High Temperature Sulfide Corrosion 

in Catalytic Reforming of Light 
Naphthas—A Contribution to the Work of 
NACE Task Group T-58-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From Humbie Oil & 
Ref. Co., Baytown, Texas. Pub. 57-3. Per 
Copy $.50, 


T-8 Iso-Corrosion Rate Curves for High 

Temperature Hydrogen-Hydrogen Sul- 
fide—A Contribution to the Work of 
NACE Tech. Group Committee T-8, by E. B. 
Backensto and J. W. Sjoberg. Pub. 59-10. 
Per Copy $.50. 


T-8 Minimum Corrosion for Butane Iso- 

merization Units. A Contribution to 
the Work of NACE Group Committee T-8 
on Refining Industry Corrosion by J. F. 
Mason, Jr. and C. M. Schillmoller. Pub. 
59-11. Per Copy $.50. 


T-8 Corrosion of Refinery Equipment by 
Aqueous Hydrogen Sulfide. A Con- 
tribution to the Work of Group Committee 
T-8 on Refining Industry Corrosion by Roy 
Vv. Comeaux. Pub. 59-12. Per Copy $.50. 
T-8A Precautionary Procedures in Chemi- 
cal Cleaning. A Contribution to 
the Work of NACE Tech. Unit Committee 


T-8A on Chemical Cleaning, by Robert A. 
Stander. Pub. 59-1. Per Copy $.50. 


T-8A Chloride Stress Corrosion Cracking 

of the Austenitic Stainless Steels— 
A Contribution to the Work of NACE Task 
Group T-8A on Chemical Cleaning, by J. P. 
Engle, C. L. Floyd and R. B. Rosene. Pub. 
59-5. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 60c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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on the basis of hydrogen pressure in 
the reaction vessel. (auth)—NSA. 16635 


6.3.20, 3.4.6, 4.3.3, 1.2.5 

The Reaction of Zircaloy-2 with Water 
and with Uranyl Sulfate Fuel Solution. 
Final Report for June 3, 1957 through 
March 1, 1958. H. M. Higgins. Aerojet- 
General Corp. U. S. Atomic Energy 
Commission Pubn., AGC-AE-40, March 
25, 1958, 70 pp. Available from Office of 
Technical Services, Washington, D. C. 

The reaction of molten Zircaloy-2 
spray with water and with urany] sulfate 
fuel solution was investigated. It was 
concluded that there is no significant 
difference between the HRT fuel solu- 
tion and water as an oxidizer for molten 
Zircaloy-2 droplets. Tests were per- 
formed to determine the extent of burn- 
ing of Zircaloy-2 and zirconium in water, 
uranyl sulfate fuel solution, oxygen and 
steam at pressures up to 2000 psig. Self- 
sustaining reactions of these metals 
could not be initiated in the liquid media 
or in pure steam. Self-sustained burning 
was easily established in steam contain- 
ing as little as 0.5 vol % oxygen. More- 
over, when the burning of a half-sub- 
merged wire was initiated in the steam- 
oxygen zone and allowed to propagate 
into the liquid, the burning continued 
under water to a greater or lesser ex- 
tent, depending on the temperature of 
the water. (auth)—NSA. 16511 


6.3.20, 3.7.4, 3.5.4, 3.8.4 

Physical Metallurgy and Properties of 
Zirconium-Uranium Alloys. A. A. Bauer, 
S. Kass and K. M. Goldman. Battelle 
Memorial Inst. and Westinghouse Elec- 
tric Corp. U. S. Atomic Energy Com- 
mission Pubn., A/CONF.15/P/1785, 23 
pp. Prepared for the Second U. N. In- 
ternational Conference on the Peaceful 
Uses of Atomic Energy, 1958. Available 
from Office of Technical Services, Wash- 
ington 25, D. C. 

The constitution and transformation 
kinetic behavior of uranium-zirconium 
alloys are presented. The system is char- 
acterized by complete solid solution be- 
tween gamma uranium and beta zirco- 
nium at elevated temperatures and by 
the intermediate hexagonal epsilon phase 
which forms from this solution at about 
600 C and contains approximately 50 
wt per cent uranium. Oxygen and nitro- 
gen have a pronounced effect on alloy 
constitution, stabilizing the alpha-zirco- 
nium phase and restricting the epsilon 
and beta phase regions. The high-tem- 
perature beta phase can be retained in 
alloys containing 20 to 70 wt per cent 
uranium by quenching, the beta phase 
decomposing by a nucleation and growth 
process to epsilon. Physical, mechanical 
and corrosion property data are sum- 
marized in tabular and graphic form and 
are related to alloy constitution and 
transformation kinetic behavior. The ir- 
radiation behavior of uranium-zirconium 
alloys is reviewed. The mechanical 
strength is found to be dependent not 
only upon composition but also upon 
the type, amount, and distribution of 
phases in the microstructure. The con- 
trol of microstructure through heat 
treatment is of primary importance in 
controlling strength since the decompo- 
sition products of the high-temperature 
beta phase are particularly sensitive to 
uranium content. ‘The aqueous corrosion 
behavior is found to be influenced by 
water temperatures, amount and distri- 
bution of phases, oxygen content and 
cooling rate from the beta phase region. 
The irradiation behavior appears to be 
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relatively insensitive to microstructure 
but is markedly dependent on irradia- 
tion temperature. Low volume changes 
are exhibited by alloys containing up 
to 80 wt per cent uranium when irradi- 
ated at low temperatures. Irradiations in 
excess of 600 C, at beta phase tempera- 
tures, are found to produce volume in- 
creases as high as 50 per cent per | 
at. per cent burnup. (auth)—NSA. 16746 


6.3.21, 3.8.4 

Reaction Rate of Solid Sodium with 
Air. William H. Howland and Leo F. 
Epstein. Knolls Atomic Power Lab. Ind. 
Eng. Chem., 49, 1931-1932 (1957) Noy. 

This study was undertaken to deter- 
mine the influence of temperature and 
composition of solid sodium on its rate 
of reaction with air. A quantitative re- 
examination was made of the observa- 
tion that the speed of reaction of alkali 
metals and air is markedly dependent 
on purity. The rate of reaction is greater 


for filtered sodium than for the rela- 
tively pure distilled material, particu- 
larly at lower temperatures, and_ the 


difference between the rates tends to 
vanish at the melting point of the metal. 
These experimental results suggest that 
the reaction is catalyzed by the presence 
of small amounts of impurity and _ that 
the catalysis reaction has a high energy 
of activation. (auth)—NSA. 16187 


6:35:21, 3:5:2; Slo 

Thorium and Thorium Alloys Prelimi- 
nary Corrosion Tests. Arnold R. Olsen. 
Oak Ridge National Lab. U. S. Atomic 
Energy Commission Pubn., ORNL-1066, 
December 19, 1951 (Declassified March 
4, 1957), 21 pp. Available from Office 
of Technical Services, Washington, D. C. 

The corrosion resistance of thorium 
and thorium alloys containing from 2 
to 6 per cent chromium, niobium, tita- 
nium, zirconium and titanium-zirconium 
in distilled water at 95 C was investi- 
gated. The true effects of the various 
alloy additions could not be determined 
because of the more marked effect of 
cold working. It was found that a sam- 
ple cold rolled 75 per cent and annealed 
would show a tenfold higher weight 
change over an otherwise identical sam- 
ple cold rolled 68 per cent and annealed; 
or a decided loss in weight compared to 
a relatively small gain. (auth)—NSA. 


16267 
63.5, 3.7.2, 3.59 

Oxidation Resistance of Niobium-Base 
Alloys. H. J. Cleary. Nuclear Metals, 
Inc. U. S. Atomic Energy Commission 
Pubn., NMI-1157, July 13, 1956 (De- 
classified July 21, 1958) 26 pp. Available 
from Office of Technical Services, 
Washington, D. C. 

A program has been under way for 
the development of a niobium-base alloy 
with oxidation-resistant properties above 
2000 F (1093C); a 1000-fold improve- 
ment over the oxidation resistance of 
unalloyed niobium at these tempera- 
tures was desired. A considerable num- 
ber of binary and ternary niobium-base 
alloys have been investigated for oxida- 
tion resistance at 980 C. The following 
alloying elements were found to be 
somewhat beneficial when added in suf- 
ficient amounts to niobium, aluminum, 
chromium, titanium, tin and cobalt. Ad- 
dition of binary elements lowered the 
oxidation resistance of niobium: vana- 
dium, copper, magnesium, uranium, zinc 
and silicon. Elements which had little 
effect on the oxidation rate of the base 
metal were beryllium, nickel, iron and 
manganese. Ternary alloys with better 
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oxidation resistance than unalloy nio- 
bium were: niobium-20 wt per cent 
chromium-6 wt per cent aluminum, nio- 
bium-10 wt per cent chromium-2 wt per 
cent aluminum, niobium-20 at per cent 
titanium-5 at percent beryllium, and nio- 
bium-25 at per cent titanium-10 at per 
cent aluminum. A ternary alloy with 
low resistance was niobium-25 at per 
cent chromium-5 per cent beryllium. The 
best of these binary and ternary alloys 
(niobium-25 wt per cent titanium, nio- 
bium-20 at per cent titanium-5 at per 
cent beryllium, niobium and titanium-10 
at per cent aluminum) showed less than 
a 40-fold improvement in the oxidation 
rate of unalloyed niobium at 980 C (1800 
F). (auth.)—NSA. 


6.3.6, 3.2.2, 4.4.6 

Brittle Failure of 5% Aluminum 
Bronze—A Case History. A. C. Ham- 
stead. Union Carbide Chemicals Co. Ind. 
& Eng. Chem., 50, No. 10, 87A-88A 
(1958) October. 

Mechanism of failure of 5 aluminum 
bronze in hydrocarbon gas service is 
suggested. Why corrosion of single 
phase aluminum alloys (5 and 3.4 alu- 
minum) was predominantly intergranu- 
lar while it was uniform “layer-type” 
“dealuminification” in duplex aluminum 
bronze (9.5 aluminum), is open to specu- 
lation. Phosphor bronze alloys were not 
susceptible to selective attack or inter- 
granular corrosion in this environment 
as were aluminum bronzes. Both of 
these alloys have good resistance to 
scaling and oxidation at accelerated tem- 
peratures and have about equal tensile 
and yield strength which is much higher 
than that of copper. Alpha aluminum 
bronzes—plain or modified with 5.0 
nickel—and phosphor bronzes are widely 
used in refinery service, in heat exchang- 
ers and for condenser tubes and tube 
sheets. Photomicrographs.—INCO. 

17349 





6.3.8, 3.7.2, 4.4.7 

Corrosion of Lead-Base Babbitt Metal. 
C. I. R. McDougall and E. Klar. Ontario 
Hydro Research News, 9, 19-22, 26 
(1957) July-Sept. 

Alloys No, 7 and 8 with 5 and 10 per 
cent tin resisted corrosion under all 
conditions. Alloy No. 15 with 1 per cent 
tin resisted corrosion under most cir- 
cumstances, even when in contact with 
highly acidic oil. However, when water 
Was present in same oil, a very marked 
interaction was evident, oil deteriorated 
rapidly and babbitt surface was _ cor- 
roded.— MR. 17148 


6.3.8, 8.1.2, 3.5.4 
_Lead in the Building Industry. (In 
French.) Jean Chauvin. Corrosion et 
Anticorrosion, 6, No. 6, 223-228 (1958). 
The favorable properties of lead in 
building applications are discussed, and 
its use as a shield against radioactivity 
is also considered. Special reference is 
made to corrosion-resistance.—MA. 
17210 


6.3.10, 3.5.9 

High-Temperature Mechanical Prop- 
erties of Hastelloy B and Hastelloy W. 
C. R. Kennedy and D. A. Douglass. Oak 
Ridge National Lab. U. S. Atomic En- 
ergy Commission Pubn., ORNL-2402, 
Nov. 28, 1958, 81 pp. Available from 
Office of Technical Services, Washing- 
ton, D.C. 

The high-temperature properties of 
Hastelloys B and W were investigated. 
The results are discussed in terms of 
creep, microstructures, effects of aging 
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and effects of environment. The alloys 
were found to have good high-tempera- 
ture strength and resistance to fused- 
salt corrosion; however, a severe loss 
of ductility at high temperature restricts 
their use. Graphs, photomicrographs, 
and phase diagrams are included.—NSA. 

17367 


6.3.10, 3.7.2 

Studies on the Heat-Resistant Proper- 
ties of Nickel Solid-Solution Binary Al- 
loys. (In Japanese.) Masozo Okamoto 
and Senri Okada. J. Japan Inst. Metals, 
21, No. 9, 544-548 (1957). 

Data are given on solid-solution-hard- 
ening, work-hardening, recrystallization 
softening temperature and _ corrosion- 
resistance for nickel, alloys with tita- 
nium, silicon, molybdenum, aluminum, 
manganese, chromium, tungsten, iron, 
copper and cobalt—MA. 16990 





7. EQUIPMENT 





7.1 Engines, Bearings and 
Turbines 





7.1 

Electra Landing Gear Designed for 
12,000 Touchdowns a Year. J. B. Beach. 
Lockheed Aircraft Corp. Aviation Age, 
29, No. 6, 40-45 (1958) June. 

Description of landing gear for Lock- 
heed’s Electra turboprop transport. Most 
of structural parts are machined from 
4340 steel forgings. Eight major com- 
ponents are high heat treat steel good 
for 260,000-280,000 psi ultimate tensile 
strength. Most of other steel parts are 
heat treated to 190,000-200,000 psi UTS. 
Nose strut cylinder is one-piece Uni- 
weld cylinder and pistons and axles are 


one-piece Uniwelded high heat treat 
steel. Upper bearings are aluminum 
bronze.—INCO. 17154 


7A, 4.7; 36.6 

Some Preliminary Tests on Bearing 
Materials to Operate Under Liquid So- 
dium-Revised Interim Report—June 
1954. D. F. Elliott, E. Holland and K. 


A. Tomblin, Gt. Britain Atomic Energy 
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Research Establishment, Harwell, Berks, 
England, April 23, 1956 (Declassified 
Sept. 17, 1957), 37 pp. 

The object of these tests is to deter- 
mine the most suitable materials to be 
used in the construction of bearings for 
a 50 H.P. Sodium Pump. The most 
critical period of operation for these 
bearings is during start up, when a 
condition of ‘boundary lubrication’ will 
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-exist, and metal-to-metal contact will 
occur between the rotating shaft and the 
bearing until the speed of the pump 
shaft is sufficient to give true ‘hydro- 
dynamic lubrication’ by creating a con- 
tinuous film of sodium within the bear- 
ing. The characteristics required for a 
suitable pair of bearing materials are 
given. The results of these tests may 
also be useful in the selection of materi- 
als for use as rubbing surfaces in reactor 
mechanisms which are required to op- 
erate submerged in liquid sodium or 
sodium-potassium alloy. (auth)—NSA. 


15771 
7.1, 8.9.2, 4.4.7, 2.3.9 
Piston Ring Wear. J. H. Deterding 
and J. R. B. Calow. Automobile Engr., 
48, No. 10, 378-381 (1958) Oct. 
Discussion of application of radiotrac- 
ers to measurement of engine wear in 
moving vehicles. Investigation is de- 
scribed of corrosive wear caused by 
condensation of acidic combustion prod- 
ucts on cold rings and cylinder walls. 
Lubricant employed for this experiment 
was a mineral oil without additives. For 
some time after starting of the car, a 
high wear rate prevailed, but as the en- 
gine warmed up, corrosive wear was 
reduced and the wear rate fell to a lower 
level. After running for about an hour 
the car was stopped and the engine 
again cooled down with cold water. At 
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this state a small quantity of anti-wear 
additive was introduced into the lubri- 
cant. Cooling was continued for a little 
over an hour and a second cold start 
was made. It was seen that there was 
not a period of high wear after this 
start, since corrosive wear was _ sup- 
pressed by the additive. The work has 
shown that with the aid of radiotracers, 
it is possible to record ring wear con- 
tinuously and automatically in moving 
vehicles. Tables, graphs —INCO. 17281 





7.7 Electrical, Telephone 
and Radio 





7.7, 5.4.10 

The Protection of Overhead Electric- 
ity Conductors. J. A. Airey. Corrosion 
Prevention and Control, 5, No. 4, 44-45 
(1958) April. 

New product, Shell Ensis Compound 
356, will be used to protect steel-cored- 
aluminum (s.c.a.) long-span_ electrical 
power transmission cable across estuary 
of River Severn. Steel wires of this com- 
posite conductor are galvanized, and 
electrolytic couples may be set up be- 
tween the zinc and aluminum, particu- 
larly in coastal regions. Examples of 
severe corrosion of outer aluminum 
strand, of severe corrosion of s.c.a. con- 
ductor and advanced electrolytic corro- 
sion of an older type conductor are 
shown.—INCO. 17176 


Wide TA 

Potentiometers for Missile Systems. 
W. J. MacDonald. Technology Instru- 
ment Corp. Missile Design and Develop- 
ment, 4, No. 11, 22-24 (1958) Nov. 

Active development of new ap- 
proaches to potentiometer design was 
aimed at utilization of thin metal films 
as resistance elements. Metallic film is 
deposited upon substrate by condensa- 
tion of metallic vapor in a vacuum 
chamber. Basic material is Nichrome 
metal which, in wire form, is wound 
over a tungsten filament evaporator 
within the vacuum chamber. Under a 
pressure of about 1 millionth of a milli- 
meter of mercury, the nickel-chrome is 
evaporated by electric heating of the 
Resistance of potenti- 
with Nichrome alone 


tungsten element. 
ometers 


made 








Before you let a cleaning, coating and 
wrapping job, you would be wise to re- 
member the above maxim. 

If you consider price only—and let a 
contract on the basis of a “cheap” bar- 
gain, most likely you will get just that: a 
cheap, shoddy job. In the final analysis, 
a cheap job is never really cheap. Actually, 
it can be prohibitively expensive in repair, 
replacement, down time and aggravation. 
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tends to increase with time under sus. F 
: : ; rom 
tained operating ambient temperatures Aviati 
exceeding 150 C. This increase is due to © a 
oxidation of the Nichrome. Partial oxi. © Nie 
dation of Nichrome produces an inher- § batter 
ently higher resistivity. This is offset by likely. 
the lower resistivity of rhodium and by ae 
its freedom from oxidation with tem- cadmi 
perature increase. In addition, thicker best 
films are deposited than would normally rugge: 
be required for potentiometers intended lend 
for service at lower temperatures. Metal excell 
films which are resistance-stable up to Draw: 
300 C are produced by condensation of (show 
mixtures of rhodium and germanium contac 
vapors. Rhodium is characterized by a types 
positive temperature coefficient and rela- source 
tively low resistivity. Photos —INCO. conve! 
17467 ergy. 
of thir 
8. INDUSTRIES coatin 
couple 
Most 
8.2 Group 2 slide 
INCO 
S22, Le 
Power Piping Design. F. M. Kamarck. ieee 
Burns and Roe, Inc. Heating, Piping 8.8 G 
and Air Conditioning, 30, No. 11, 95- : 
104 (1958) Nov. rere 
Description of the Thos. H. Allen 8.8.5, : 
Electric Generating Station in Memphis. § Cast 
Material selection was based on 1053 F & Refine 
design temperature. It was decided to R, €..’ 
use a chromium-molybdenum alloy (2% ing At 
chromium, 1 molybdenum) since it had Divisic 
the highest allowable stress value at the Soc. A 
design temperature and the greatest ac- April 
cumulated record of experience. Two 789-79: 
pipe system layout with a cross-ove Seve 
uses hollow forged chromium-molybde- weldm 
num pipe for straight runs, with turned- descril 
and-bored piping for bends. Photos.— studies 
INCO. 17370 low at 
denum 
8.2.2, 7.4.2, 6.4.2, 4.6.2 Un Castin, 
A Report on a Plant Installation of quirerr 
Aluminum Condenser Tubes. W. A. [proper 
Pollock. Wisconsin Electric Power Co. 7 free f; 
Proc. Am. Power Conf., 19, 729-735; tory cc 
disc. 735-740 (1957). ~  equipn 
Aluminum tubes were found satisfac lems a 
tory for use in condensers under condi- are re 
tions at Oak Creek Power Plant. In These 
Units 1 and 2, tubed with arsenical © molyb 
Admiralty tubes in steel tube sheets, bronze 
trial tubes were internally Alclad while © 
others were Alclad inside and outside © 
and had _ longitudinal welded seam 88.5, 3 
Based on trial results and economic rea 7 The 
sons, Unit 3 had aluminum alloy tubes © Sinteri 
exclusively. Steam side was _ provided and P 
with stainless steel shields in areas Pt.2 
where Units 1 and 2 had experienced Loo: 
erosion on Admiralty tubes. Several bot- form 
tom rows were plugged due to steam 650 C 
side erosion. These tubes suffered in- terial. 
pingement from condensate from extrat- and si: 
tion header flashing due to inadequate of pow 
baffling. Water side erosion was minor ing we 
(less than 0.001 inch during 7 months). @ was m 
Sludge accumulations have been smal!) bondin 
and no build-up has occurred in con® Measu: 
trolled-circulation orifices. Higher con up the 
centrations of aluminum are found ™®& ductivi 
boiler water and in preboiler cycle upol ® was fo; 
starting up new unit as compared t0% size dj 
those existing after substantial period 0! mean ; 
operation. Aluminum wastage is not in) densiti, 
fluenced by morpholine concentrations © marke, 
up to 5.8 ppm. Ammonia due to mor est str 
pholine and other sources tends to con obtaine 
centrate in steam jet drains. Tables give very lit 
typical analysis of Lake Michigan water )] duced 
and data for — effect on alum Sintere, 
num pickup. 1705] Solids | 
and no 
8.2.2, 8.4.5, 8.9.1, 7.7 | bond n 
Where Will Electric Power Come” —INC 
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From in Space Ships? J. Gustavson. 
Aviation Age, 29, No. 4, 186-189 (1958) 
April. ; 

Discusses chemical batteries, atomic 
batteries and thermo couples as 3 most 
likely sources for power in space vehi- 
cle. Among chemical cells, nickel- 
cadmium and silver-zinc types appear 
best. Nickel-cadmium battery is very 
rugged and withstands high accelera- 
tions. It is a secondary cell and also has 
excellent temperature characteristics. 
Draw-back is its high weight-watts ratio 
(shown in graph). Among atomic cells, 
contact potential and solid dielectric 
types depend upon radioactive energy 
source; solar cells build up potential by 
converting photons of sunlight into en- 
ergy. Most common solar cell consists 
of thin silicon disk with invisible boron 
coating on side that faces sun. Thermo- 
couples are best for outer solar system. 
Most promising couple is made of lead 





sulfide with zinc-antimony alloy.— 
INCO. 16927 
8.8 Group 8 





8.8.5, 3.7.3, 8.4.3, 6.2.4 

Casting Weldments in a Petroleum 
Refinery. J. Bland, C. B. Parrish and 
R. C. Wheeler. Paper before Joint Meet- 
ing Am. Soc. Mech. Engrs. Metals Eng. 
Division Conference and Am. Welding 
Soc. Annual Spring Meeting., St. Louis, 
April 14-18, 1958. Welding J., 37, No. 8, 
789-798 (1958) Aug. 

Several typical applications of casting 
weldments in a petroleum refinery are 
described. Results of some _ limited 
studies of weldability characteristics of 
low and intermediate chromium-molyb- 
denum alloy steel castings are discussed. 
Castings which meet specification re- 
quirements for chemistry and_ tensile 
properties, in addition to being virtually 
free from casting defects, are satisfac- 
tory components for piping and auxiliary 
equipment. Maintenance and repair prob- 
lems associated with casting weldments 
are reviewed and examples discussed. 
These include components of chromium- 
molybdenum steel, stainless steel, brass, 
bronze, and aluminum-bronze.—INCO. 

17313 


8.8.5, 3.7.4, 6.3.6 

‘The Effect of Particle Size on the 
Sintering of Copper Powder. A. Duffield 
and P. Grootenhuis. J. Inst. Metals, 87, 
Pt. 2, 33-41 (1958) October. 

_ Loose copper powders of spherical 
form were sintered under vacuum at 
650 C for 10 hr. to form a porous ma- 
terial. Effects of varying particle size 
and size distribution within each batch 
of powder upon properties after sinter- 
ing were studied. Electrical conductivity 
was measured to determine degree of 
bonding throughout entire specimen. 
Measurement of tensile strength showed 
up the weakest section. Electrical con- 
ductivity, being an “average” property, 
was found to be independent of particle- 
size distribution but to vary with the 
mean size, even for specimens of equal 
densities. Tensile strength depended 
markedly upon size distribution, great- 
est strength of porous material being 
obtained with powder of small size and 
very limited size distribution. It was de- 
duced from analysis that weakness of 
sintered porous material compared with 
solids is due to geometric factors only 
and not to any inferiority of the actual 
ond material. Graphs, diagrams, tables. 
NCO. 17245 
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8.8.5, 5.3.4, 8.9.2, 4.2.1 

Finishing Die Castings. E. E. Carlson. 
Hanson-Van Winkle-Munning Co. Pre- 
cision Metal Molding, 16, No. 8, 39-41 
(1958) August. 

Probably ™% of die castings made are 
used in automotive trim where they are 
copper, nickel and chromium plated, and 
it is severe outdoor exposure due to 
salts used in winter on roads and changes 
in humidity and exposure conditions 
that have led to poor corrosion resist- 
ance on many plated die castings. Factors 
involved in obtaining good corrosion 
resistant plating are casting quality, cold 
shot, solder spots, blisters and surface 
finishing. Latest development in im- 
proving corrosion resistance of die cast- 
ings used for outdoor exposure is to 
apply what is known as duplex nickel 
deposits over the copper. Duplex nickel 
deposits improve corrosion properties of 
over-all plating. It was found that cor- 
rosion resistance is decidedly improved 
over a fully bright single nickel plate 
which would be equivalent tin thickness 
to thickness of duplex coating. Photo- 
micrographs.—INCO. 17289 





8.9 Group 9 





8.9.5 

Ocean-Racing Auxiliary Ketch Kama- 
lii. J. Joseph. Diesel Progress, 24, No. 
10, 40-41 (1958) Oct. 

Description of yacht Kamalii. Fuel 


tanks are made of Monel. Propellers are 


of manganese bronze. Fresh water is 
supplied by an electric-driven pressure 
pump working with a 15 gal. Monel 
pressure tank—615 gal. of fresh water 
are carried in 3 Monel tanks located be- 
neath forward cabin floor. Kamalii’s 
steering system consists of a Monel 
quadrant attached to a 2% in. bronze 
rudder stock. To this are tied stainless 
steel tiller ropes. Photos —INCO. 17331 


8.9.5, 6.4.2 

MV Sumter—First All-Aluminum 
Tug. C. W. Leveau. Marine Eng./Log, 
63, No. 8, 73-75 (1958) July. 

The 55-ft. 460 hp, all welded boat is 
designed for use in the bayous and 
marshlands oil fields of Southern Louisi- 
ana. Its shallow, 4% ft draft made possi- 
ble by its aluminum construction will 
permit its use in waters too shallow for 
conventional tugs of the same size. It 
was constructed of corrosion-resistant, 
high-strength weldable alloys 5053 and 
5086, developed by Kaiser Aluminum. 
The Sumter offers, in addition to its 
shallow draft, the advantages of long 
life relatively free of maintenance and 
economy of operation. Because of its 
aluminum construction the boat is ex- 
pected to experience less vibration and 
noise, reducing equipment wear and crew 
fatigue. The only non-aluminum parts 
in the boat are those in the engine plus 
the propeller and propeller shaft which 
are made of bronze. All bolts, set screws 
and other fastening devices are of stain- 
less steel. Photos.-INCO. 17117 


13a 


CORROSION—-NATIONAL 





ASSOCIATION OF CORROSION ENGINEERS 





Det tia ad mee Titi is COM uitcie 


i ' fn in Oil and: 





Gas Well Equipment 


W. C. Koger, Chairman; Cities Serv- 
ice Oil Co., Cities Service Bldg., 
Bartlesville, Oklahoma 

J. A. Caldwell, Vice Chairman; Hum- 
ble Oil & Refining Co., Box 2180, 
Houston, Texas 

T-1A Corrosion in Oil and Gas Well 
Equipment, Los Angeles Area 

P. W. Fischer, Chairman; Union Oil 
Co. of Cal., Brea Research Center, 
Brea, Cal. 

T-1B Condensate Well Corrosion 


D. R. Fincher, Chairman; Tidewater 


Oil Co., 1538 Campbell ’Rd., Hous- 
ton 24, Texas 
Lee R. DeRouen, Vice ena 


Union Oil & Gas ye a. 
Pioneer Building, Lake eo ia 
T-1B-1 High Pressure Well Completion 
and Corrosion Mitigation Procedure 
W. F. Oxford, Jr., Chairman; Sun 
Oil Co., Box 2831, Beaumont, 
Texas 


T-1C Sweet Oil Well Corrosion 

Rado Loncaric, Chairman; Atlantic 
Refining Co., P. O. Box 2819, Dal- 
las, Texas 

R. H. Poetker, Vice Chairman; Sun- 
ray Oil Corp., P. O. Box 498, 
Corpus Christi, Texas 

T-1C-1 Water Dependent Corrosion, 
Field Practices 


Paul Barnard, Jr., Chairman; Atlantic 
Refining Company, P. O. Box 1346, 


Houston, Texas. 


T-1C-2 Water Dependent Corrosion, 
Experimental Aspects 


T-1C-5 East Texas Task Group 


H. G. Byars, Chairman; 7302 Robin 
Road, Dallas 9, Texas 


T-1D Sour Oil Well Corrosion 


P. D. Muir, Chairman; Dowell, Box 
536, Tulsa, Okla. 

J. B. Collins, Vice Chairman; Con- 
tinental Oil Co., Box 3387, Odessa, 
Texas 

T-1D-2 West Texas-New Mexico 

J. _V. Gannon, Chairman; Texaco, 
Inc., Production Dept., Box 1270, 
Midland, Texas 


T-1D-3 Western Kansas 

Roy H. Junkins, Chairman; Cities 
Service Oil Co., 1613 N. Main 
Street, Great Bend, Kansas. 

T-1D-4 Oil Field Pumps 

F. A. Prange, Chairman; Phillips 
Petroleum Corp., Bartle esville, Okla. 

T-1E Corrosion in Water Injection 

Systems 

Cecil O. Smith, Chairman; Carter Oil 
Co., P. O. Box 801, Tulsa, Okla. 

Joy T. Payton, Vice Chairman; Tex- 
aco Inc., Box 425, Bellaire, Texas 

T-1E-1 Clasitheation of Berinidios 
Waters 

L. C. Case, Chairman; Gulf Oil Corp., 
Box 661, Tulsa, Okla. 

T-1E-2 Inhibitor Treatment of Injec- 
tion Water 

John R. Bruce, Chairman; Shell Oil 
Company, 5014 E. Admiral Place, 
Tulsa, Okla. 

T-1E-3 Corrosion Resistant Materials 
for Water Injection Systems 

R. S. Ladley, Chairman; Phillips Pe- 
troleum Co., Bartlesville, Okla. 

T-1E-4 Education of API Committee 
Data on Water Treating 

Monte Kaplan, Chairman; Atlantic 
Refining Co., P. O. Box 2819, Dal- 


las, Texas 


T-1F Metallurgy 


R. L. McGlasson, Chairman; Conti- 
nental Oil Co., Res. & Dev. Lab., 
Box 1267, Ponca City, Okla. 


T. M. Krebs, vice chairman; Bab- 
cock & Wilcox Co., Tubular Prod- 
ucts Div., 1920 Seventh Avenue, 
Beaver Falls, Pa. 


R. S. Ladley, Secretary; Phillips Pe- 
troleum Co., Bartlesville, Okla. 

T-1F-1 Tubular Goods Corrosion Com- 
mittee 

W. F. Oxford, Jr.. Chairman; Sun Oil 
Co., Box 2831, Beaumont, Texas 

T-1F-2 Sucker Rod Corrosion 
Metallurgy 

W. C. Koger, Chairman, Cities Service 
Oil Corp., Cities Service Bldg., Bar- 
tlesville, Okla. 

T-1H Oil Strin 

J. E. Landers, 
Oil Co., P. 
City, Okla. 

F. W. Schremp, Vice Chairman; Cali- 
fornia Research Corp., Box 446, La 
Habra, Cal. 

T-1H-2 Oil String Casing Corrosion, 
West Kansas Area 

James J. Weber, Chairman; 
leum Inc., RFD No. 2, 
Bend, Kansas 

T-1H-5 Interference Problems in Ca- 
thodic Protection of Casing 

Jack L. Battle, Chairman; Humble 
Oil & Refining Co., P. O. Box 2180, 
Houston, Texas 


T-1K Inhibitors for Oil and Gas Wells 


E. J. Simmons, Chairman; Sun Oil 
Company, Box 2880, Dallas, Texas 


Cc. C, Nathan, Vice Chairman; Tex- 


Casing Corrosion 
hairman; Continental 
O. Drawer 1267, Ponca 


Petro- 
Great 


aco, Inc., Box 425, Bellaire, Texas 
T-1K-1 Sour Crude Inhibitor 
Evaluation 
A. H. Roebuck, Chairman; Western 


Company, Fort Worth Club Bldg., 
P. O. Box 186, Fort Worth 1, Texas 

R. D. Stanphill, Vice-Chairman, 
Humble Oil & Refining Co., Box 
2180, Houston, Texas 


J. R. Bruce, Vice Chairman; Shell 
Oil Co., 5014 E. Admiral Place, 
Tulsa, Oklahoma 

T-1K-2 Sweet Crude Inhibitor 
Evaluation 

C. C. Nathan, Chairman; Texaco 


Inc., Box 425, Bellaire, Texas 

D. R. Fincher, Vice-Chairman; Tide- 
water Oil Co., 1538 Campbell Road, 
Houston 24, Texas 

T-1K-3 Inhibitor Testing at Elevated 
Temperatures 

J. P. Barrett, Chairman; Pan Ameri- 
can Petroleum Corp., P. O. Box 
591, Tulsa, Oklahoma’ 

T-1M Corrosion of Oil and Gas Well 
Producing Equipment in Offshore 
Installations 

O. L. Grosz, Vice Chairman; The 
ee Co., Box 128, Harvey, 

a. 

T-1M-1 Offshore Corrosion Control 
Programs 

T-1M-2 Non-Ferrous Construction 


Materials 
B. Stauffer, Chairman, Humble 
Box 2180, 


Oil & Refining Co., 
Houston, Texas 

T-1M-3 Cathodic Protection Methods 
Review 

J. H. Sybert, Chairman, Standard 
Oil Co. of Texas, P. O. Box 1249, 
Houston, Texas 

T-1M-4 Corrosion Controls for Off- 
shore Pipelines 

M. C. Fleming, Chairman, Phillips 


Petroleum Co., 312% Dewey St., 
Bartlesville, Okla. 


TECHNICAL PRACTICES 
COMMITTEE 
T. J. Maitland, Chairman; 
American Tel, & Tel. Co., 
32 Avenue of the Americas, 
New York 13, New York 


Jack L. Battle, Vice Chair- 


man; Humble Oil & Refin- 


ing Co., 


P. O. Box 2180, 


Houston, Texas 


George E. Best, Vice Presi- 
dent; Manufacturing Chem- 
ists’ Ass’n., Inc. 1825 Con- 
necticut Ave., N.W., Wash- 
ington 9, D. C. 

Chairmen of T-1 through 
T-9 also are members of 
this committee. 
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W. H. Stewart, 
Line Co., P. O. 





Chairman; Sun Pipe 

Box 5292, Beau- 
mont. Texas, 

Richard J. Emerson, Vice Chairman; 
El Paso Natural Gas Co., a 
Box 1492, El Paso, Texas. 


T-2A Galvanic Anodes 

M. A. Riordan, Chairman; Rio Engi- 
neering Co., Box 6035, Houston, 
Texas 

R. L. Horst, Jr., Vice Chairman; 
Aluminum Co. of America, Box 
1012, New Kensington, Pa. 


T-2A-2 Development of Standard 
Accelerated Galvanic Anode Test 
Procedures 

T-2B Anodes for Impressed Currents 

Richard J. Emerson, Chairman; El 
Paso Natural Gas Co., P. O. Box 
1492, El Paso, Texas 

J. S. Dorsey, Vice Chairman; South- 
ern California Gas Co., Box 3249, 
Terminal Annex, Los Angeles 54, 
Cal, 

L. A. Hugo, Secretary; Engineering 
Department, Phillips Petroleum 

o., Bartlesville, Okla. 


T-2B-1 Sources of Impressed Current 
for Anodes 


T-2B-2 Ground Bed Design Data 
F. I. Dorr, Chairman, 11838 Long- 
leaf Lane, Houston 24, Texas 


T-2B-4 Use of High Silicon Cast Iron 
for Anodes 


T-2B-6 Deep Anodes 

A. W. Peabody, Chairman; Ebasco 
Services, Inc., 2 Rector St., New 
York, N. ee 

T-2B-7 Use of Lead and Lead Alloys 
as Anodes 

Edward J. Mullarkey, Chairman; 
Lead Industries Association, _ 60 East 
42nd St., New York 17, N. Y. 


T-2C Criteria for Cathodic Protection 

L. C. Wasson, Chairman; A. O. 
Smith Corp., 3533 N. 27th St., Mil- 
waukee, Wis. 

A. W. Peabody, Vice Chairman; 
Ebasco Services, Inc., 2 Rector St., 
New York, N. Y. 


T-2C-1 Basic Criteria 


K. G. Compton, Chairman; ~- Tele- 
phone Labs., Murray Hill, N. J. 


T-2C-2 Coupons, As A Criteria For 
Cathodic Protection 

H. J. Keeling, Chairman, Consulting 
Engineer, 1718 Livonia Avenue, Los 
Angeles 35, California 


T-2C-3 History 


T-2C-4 Cathodic Protection Criteria 
Research 

L. P. Sudrabin. Chairman, 
Rust-Proofing Corp., P. O. 
Newark 1, New Jersey 


T-2D Standardization of Procedures 
for Measuring Pipe Coating Leak- 
age Conductance 


L. F. Heverly, Chairman; Trans- 
Canada Pipe Lines Ltd., 150 Eglin- 
ton Ave. E, Toronto 12, Ontario, 


Electro 
Box 178, 


Canada 

E. R. a. Jr., Vice-Chairman; 
Humble e Line Co., 
Drawer 2998 Houston, Texas. 


T-2D-1 Short Insulated Sections of 
Low Conductance 


Marshall E. Parker, Chairman; 
‘Jean, Houston 23, Texas 


T-2D-2 Inaccessible 
as Water Crossings 


H. V. Beezley. Chairman; United Gas 
Pipe Line Co., Box 1407, Shreve- 
port, La. 

T-2D-3 Parallel Lines 

L. A. Hugo, Chairman; Phillips Petro- 
leum Co., Bartlesville, Okla. 
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T-2D-5 Pipe Observed to Be in a 
Stray Current Field 


T-2E Internal Corrosion of Product 
Pipe Lines and Tanks 


~—™ Parker, Chairman; Plantation 
a Line Co., Box 1743, Atlanta, 


i. Jasek, Vice Chairman; Hum. 
~— Pipe Line Co., Drawer 2220, 
Houston, Texas 


T-2F Internal Corrosion of Crude Oil 
Pipe Lines and Tanks 


E. R. Allen, Temporary Chairman, 
Humble Pipe Line ee: Drawer 
2220, Houston, Texas 


T-2G Coal Tar Coatings for Under. 
ground Use 


F. P. Kelly 
Kelly Co., 660 
Houston 2, Texas 


W. F. Fair, Jr., Vice 
Koppers Co., Inc., 
Div., Tech. Sec., 
Verona, Pa, 


T-2H Asphalt Type Pipe Coatings 
Frank B. Burns, Chairman; General 
ce Inc., Sub. of Kerr-McGee 


Industries, Inc., P. O. Box 
305, Wynnewood, Okla. 


Wayne E. Broyles, Vice-Chairman; 
Brance-Krachy Co., Inc., 
Box 1724, Houston 1, Texas. 


T-2H-2 Criteria to Be Used in Re 
porting on and Evaluating the Per. 
formance of Asphalt-Type Pipe 
Coatings 


C. E. Lee, Chairman; Southern Cali- 
fornia Gas Co., Box 3249, Terminal 
Annex, Los Angeles 54, Cal. 


T-2H-3 To Assemble and Present 
Service Histories of Asphalt-Type 
Pipe Coatings 


T-2H-4 Asphalt-Type Internal Coating 
for Pipe Lines 


F. B. Burns, Chairman; Kerr-McGee 
Oil Industries, Inc., Box 305, 
Wynnewood, Okla. 


T-2H-5 To Review and Encourage | 
Publication of Technical Articles on | 
Asphalt-Type Protective Coatings 


L. S. Parker, Chairman; Fibreboard 
Paper Products Inc. ; 475 Brannan, 
San Francisco, Cal. 


T-2H-6 Asphalt Testing Technics on 
a Non-Technical Level 

Lloyd F. Bramble, Chairman; Gulf 
States Asphalt Co., Inc., 1522 Mel- 
rose Bldg., Houston 2, Texas 


Chairman; Mavor. 
M&M ‘Building 


Chairman; 
Tar_ Products 
15 Plum S&t., 


T-2J Wrappers for Underground Pipe 
Line Coating 

R. A. Brannon, Chairman; 
Pipe Line Co., P. O. 


Houston 1, Texas. 


L. B. Nelson, Vice Chairman; Shell 
Pipe Line Co., P. O. Box 2648. 
Houston, Texas 


Humble 
Box 2220, 


T-2]-1 Asbestos Felt 


T-2J-2 Glass Wrap 


T-2]-3 Glass Base Outer Wrap 

F. B. Burns, Chairman; Kerr-McGee 
Oil Industries, Inc., Box 305, 
Wynnewood, Okla. 


“= Rag Felt 
L. S. Parker, Chairman; Pabco Indus 
‘tries, 475 Brannan St., San Frat 
cisco, Calif 


T-2]-5 Rock Shield 


Henry B. Hutten, Chairman; The 
Ruberoid Co., 500 5th Avenue, 
New York 36, New York. 


T-2K Prefabricated Plastic Film for E 
Pipe Line ting . 
J._ J. Wise, Chairman; 


Louisiana Gas Co., 
Shreveport, La. 


Arkansas 
Box 1734 7 
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Directory of NACE Technical CC Officers 


H. D. Segool, Vice Chairman; The 
Kendall Co., Polyken Sales Division, 
309 West Jackson Blvd., Chicago, Ill. 


T-2K-1 Standards 


H. D. Segool, Chairman; Kendall Co., 
Polyken Sales Div., 309 W. Jackson 
Blvd., Chicago, Ill. 


T-2K-2 Research and Development 


H. A. Hendrickson, Cee Minne- 
sota Mining & Mfg. 900 Fau- 
quier St., St. Paul, Ming. 


T-2K-3 History and Results 


F. E. Costanzo, Chairman; Manufac- 
turers Light & Heat Co., 253 Ryan 
Drive, Pittsburgh 19, Pa. 


T-2L Wax-Type Pipe Coatings and 


Component Wrappers 

J. O. Mandley, Chairman; Michigan 
Consolidate: ‘Gas Co., 415 Clifford, 
Detroit 26, Mich. 


I. E. Davis, Vice-Chairman; 4405 
Marland Dr., Columbus 24, Ohio 


T-2M Aluminum Pipeline Corrosion 

Hugh P. Godard, Chairman; Alu- 
minium Labs. Ltd., P. O. Box 84, 
Kingston, Ont., Canada 

R. S Dalrymple, Vice Chairman; 
Reynolds Metals Co., Box 2346, 
Richmond 18, Va. 

Charles F. Warnock, Secretary; Apa- 
-— 234, Maracaibo, Venezuela, 
5. A. 


T-2M-I1 Corrosion Behavior of 
Aluminum in Soil 

H. L. Craig, Jr., Chairman; Reynolds 
Metals Co., Metallurgical Res. 
Labs., 4th & Canal Streets, Rich- 
mond 19, Va. 


T-2M-2 Cathodic Protection of 
Aluminum 

F. W. Hewes, Chairman; Canadian 
Protective Coating Ltd., 9420 91st 
St., Edmonton, Alberta, Canada 


T-2M-3 Coating and Wrapping 


Aluminum 


Rio En- 


Houston, 


M. A. Riordan, Chairman; 
gineering Co., Box 6035, 
Texas 


T-2M-4 Corrosion of Submarine Alu- 
minum Pipe Lines in Lake Mara- 
caibo, Venezuela 


Charles F. Warnock, Chairman; Apa- 
ratado 234, Maracaibo, Venezuela, 
S. A. 


T-2M-5 Corosion of Submarine Alu- 
minum Pipelines in Sea Water 
E. T. Wanderer, Chairman; Alumi- 


num Co. of America, P. O. Box 
1012, New Kensington, Pa. 


T-2M-6 Corrosion of Submarine Alu- 
minum Pipelines in Fresh Water 


John D. Franks, Chairman; Alumi- 


num Co. of Canada, Ltd., 1700 
Sun Life Bldg., Montreal, P.Q., 
Canada 


T-2M-7 Internal Corrosion Problems 
for Handling Oilfield Brines, Crude 
Oil, and Natural Gases 


Joseph U. Messenger, Chairman; 
Mobil Oil of Canada, Ltd., Mobil 
Oil Bldg., Calgary, Alberta, Canada 


D. A. Vaughan, Chairman; Battelle 
Memorial Institute, 505 King Ave- 
nue, Columbus, Ohio 


L. C. Rowe, Vice Chairman; Research 


Labs., General Motors Corp., 12 
Mile & Mound Roads, Warren. 
Mich. 
T-3A Corrosion Inhibitors 

L. C. Rowe, Chairman; Research 
Labs., General Motors Corp., 12 
Mile & Mound Roads, arren, 
Mich, 

A. J. Freedman, Vice Chairman; 


Nalco Chemical Co., 6216 West 
66th Place, Chicago 38, III. 





T-3A-2 Methods of Testing & Screen- 


ing Corrosion Inhibitors 
(Chairman to be Selected) 


T-3A-3 Materials Available for and 

Application of Corrosion Inhibitors 
; , Chairman; Saran Lined 
Pipe Co., 6 W. Broad St., Room 
410, Bethlehem, Pa. 


T-3B Corrosion Products 

A. H. Roebuck, Chairman; Western 
Company, Fort Worth Club Bldg., 
P. O. Box 186, Fort Worth 1, Texas 

D. A. Vaughan, Vice Chairman, Bat- 
telle Memorial Institute, 505 King 
Avenue, Columbus, Ohio 


T-3C Annual Losses Due to — 

S._K. Coburn, Chairman; Applied 
Research Lab., United Sint teel 
Corp., Monroeville, Pa. 


T-3D Instruments for Measuring 
Corrosion 
E. H. Thalmann, Chairman; Ebasco 
Services, Inc., 2 Rector St., New 
York, ¥. 
W. Ringer, Vice Chairman; 7 
"Hampden Ave., Narberth, Pa. 


T-3D-1 Electrical Holiday Inspection 
of Coatings 

W. A. Broome, Chairman; Arkansas- 
Louisiana Gas Co., Box 1734, Shreve- 
port, La. 


T-3E Railroads 

L. J. Nicholas, Chairman; Pullman 
os, 165 N. Canal St., Chicago 6, 

G. M. Magee, Vice Chairman, Assoc. 
American Railroads, 3140 South Fed- 
eral Street, Chicago, IIl. 


T-3E-1 Corrosion of Railroad Tank 

Cars 

C. M. Jekot, Vice ange DeSoto 
Paint & Varnish h Co., P. O. ‘Box 186, 
Garland, Texas. 


L. R. Honnaker, Vice Chairman; E. I. 
du Pont de Nemours & Co., Inc., 
33E20 Louviers Bldg., Wilmington, 
Del. 


T-3E-2 Corrosion in Railroad Hopper 
Cars 
C. L.. Crockett, Chairman; Norfolk 


and Western Railway, Motive Power 
Dept., Roanoke, Va. 


T-3F Corrosion by High Purity Water 
R. U. Blaser, Chairman; Research 
Sa, Babcock & Wilcox Co., Box 

, Alliance, Ohio 


M. C. Bloom, Vice Chairman; Metal- 
lurgy Div., Naval Research Lab., 
Washington, D. C. 


T-3F-2 Inhibitors 


R. C. Ulmer, Chairman, Combustion 
Engineering Co., 200 oo Ave- 
nue, New York, N. 


T-3F-3 Corrosion ee 
W. L. Pearl, Chairman, General Elec- 
tric Company, Atomic Power E uip- 


ment Dept., Box 254, San Jose, 
Calif. 


T-3F-6 Intercommittee Activities 


E. P. Partridge, Chairman, Hall Labs., 
Box 1346, Pittsburgh, Pa. 


T-3F-7 Bibliography 
W. K. Boyd, Chairman; Battelle 


Memorial Institute, 505 King Ave., 
Columbus, Ohio 


T-3G Cathodic Protection 

Dr. T. P. Mer, Internation Nickel 
Co., Inc., P. O. Box 262, Wrights- 
ville Beach, North Carolina 

Cc. W. Ambler, Jr., Secretary; Ameri- 


can Zinc, Lead & Smelting Co., P. 
O. Box 495, East St. Louis, Ill. 

T-3G-1 Cathodic Protection of Hull 
Bottoms of Ships 

L. P. Sudrabin, Chairman, Electro 
Rust-Proofing Corp., Box 178, New- 
ark, New Jersey. 

T-3G-2 Cathodic Protection of Heat 
Exchangers 

R. B. Teel, Chairman; 
Nickel Co., Inc., 333 
Ave., Chicago 1, Ill. 


International 


N. Michigan 





T-3G-3 Cathodic Protection of Process 
Equipment 

A. A. Brouwer, Chairman, The Dow 
Chemical Co., Midland, Michigan. 

T-3H Tanker Corrosion 


W..&. uimby, Chairman; Res. & 
Tech. t., Texaco Inc., Box 509, 
Beacon, New York. 





T4 ries 


Daniel R. Werner, Chairman; Amer- 
can Tel. & Tel. Co., 811 Main St., 
Rm, 850, Kansas City 5, Mo. 

J. B. Prime, Jr., Vice Chairman; 
Fiorida Power & Light Co., P : 
Box 3100, Miami 30, Florida 

T-4A Effects of Electrical Grounding 
on Corrosion 

O. W. Zastrow, Chairman; Electric 
Engineering Div., Rural Electrifica- 
tion Adm., USDA., Washington 25, 





T-4A-3 Methods and Materials for 
Grounding 


I. C. Dietze, Chairman; Dept. of 
Water & Power, Box 3669, Terminal 
Annex, Los Angeles 54, Cal. 

T-4B Corrosion of Lead and Other 
Metallic Cable Sheaths 

H. M. Clayton, Vice Chairman; Mem- 
phis Gas, Light and Water Div., Box 
388, Memphis, Tenn. 

T-4C Non-Metallic Sheaths and 
Coatings 

T-4D Corrosion by Deicing Salts 


K. G. Compton, Chairman; Bell 
Telephone Laboratories, Murray 
Hill, New Jersey. 


Research 


L. C. Rowe, Vice Chairman; 


Labs., General Motors Corp., 12 
Mile & Mound Roads, Warren, 
Mich. 

T-4D-1 Procedures for Conducting 
Field Tests Below Ground 

F. E. Kulman, Chairman, Consoli- 


dated Edison Co. of New York, Inc., 
4 Irving Place, New York, N. Y. 


T-4D-2 Coordination of Field Pro- 
grams Between Cities and Transpor- 
tation Companies 

George Illig, Chairman, Calgon, Inc., 
323 Fourth Ave., Pittsburgh, Penn. 

T-4E Corrosion by Domestic Waters 

J. F. J. Thomas, Vice Chairman, In- 
dustrial Water Section; Dept. of 
Mines & Tech. Surveys; 40 Lydia 
Street, Ottawa, Ontario, Canada 


T-4E-1 Hot Water Tank Corrosion 


H. C. Fischer, Chairman; Thermo 
Craft Corp., Montville, N. J 

T-4F_ Materials 
rosion Mitigation 
Industry 

W. T. Burgess, Chairman; Metropoli- 
tan Utilities District, 18th & Harney 
Street, Omaha 2, Nebraska 

I. C. Dietze, Vice Chairman; Dept. 
of Water & Power, Box 3669, Ter- 


minal Annex., Los Angeles 54, Cali- 
fornia. 


T-4F-1 Materials Selection in the 
Water Industry 


Daniel Cushing, Chairman, 
St., Boston, Massachusetts. 


Chester Anderson. Vice Chairman; 
The Crane Co., 836 South Michi- 
gan Avenue, ree 5, Ill. 


Selection for. Cor- 
in the Utility 


148 State 


Peter Kahn, ; Metcalf & 
ddy, 1300 Fe Idg., Boston. 
Mass. 


T-4F-2 Materials Selection in the 
Electric Industry 


F. E. Kulman, Chairman; Consoli- 
dated Edison Co. of New York, Inc., 
os Place, New York 3, New 

or 


T-4G Protection of Pipe Type Cables 
T-4H Tests and Surveys of Cable 
Sheaths 





T-4J Cathodic Protection of Cable 
Sheaths 


erga sit) ae) ty ae) 
Tee te sem hieit ys 
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C. P. Dillon, Chairman; Union Car- 
bide Chemicals Co., Div. of Union 
Carbide Corp., P. O. Box 2831, 
Charleston, W. Virginia 

T-5A Corrosion in Chemical Processes 

W. H. Burton, Chairman; General 
Chemical Div., Allied Chemical 
Corp., Camden 3, N. J. 

Dr. L. W. Gleekman, Vice Chair- 
man; Wyandotte Chemicals Corp., 
1609 Biddle Ave., Wyandotte, Mich. 

T-5A-1 Inorganic ‘Acids and Deriva- 
tives 

N. D. Groves, Chairman; Carpenter 
Steel Co., 101 West Bern St., 
Reading, Pa. 

T-5A-2 Organic Acids and Derivatives 

John A. Manning, Jr., Chairman Pro 
‘Tem; Celanese Corp. of America, 
Box 1414, Charlotte, N. C. 

T-5A-3 Alkali Environment 

George P. Gladis, Chairman; Interna- 
tional Nickel Co., Inc., 67 Wall 
Street, New York 5, N. Y. 

T-5B High Temperature Corrosion 

David Roller, Vice Chairman; 3300 
Twilight Dr., Fullerton, Cal. 

T-5C Corrosion by Cooling Waters 

T-5C-1 Corrosion by Cooling Waters 
(South Central Region) 

J._M._ Brooke, Chairman; Phillips 
Petroleum Co., Sweeny Refinery, 
Sweeny, Texas 


A. S. Krisher, Vice Chairman; Mon- 
santo Chemical Co., Plastics Div., 
Texas City, Texas 

L. Miller Rogers, Secretary; Union 


Carbide Chemicals Co., P. O. Box 
471, Texas City, Texas 

T-5SC-2 Corzosion by Cooling Waters 
(North Central Region) 

William A. Hess, Chairman; Standard 
Oil Co. (Ohio), Midland, Blde.. 
Cleveland 15, Ohio. 

D. B. Jones, Vice Chairman: Good- 
year Atomic Corp., P. O. Box 628, 
Portsmouth, Ohio. 

J. R. Cross, Secretary; Standard Oil 
Co. (Ohio), Midland Bldg., Cleve- 
land 15, Ohio. 

T-5D Plastic Materials of Construction 

R. E. Gackenbach, Chairman; Ameri- 
can Cyanamid Co.. 30 Rockefeller 
Plaza, New York 20, N. Y. 

Otto H. Fenner, Vice 
Monsanto C —T Co., 1700 South 
Second St., Louis 7 77, Mo. 

T-5D-1 dineiiaeeniioas 

S. W. Mcllrath, Chairman, 151 E. 
214th Street, Euclid 23, Ohio. 

T-5D-2 Inorganic Acids 

R. J. Collins, Secretary; B. F. Good- 
rich Chemical Co., 3135 Euclid 
Avenue, Cleveland 15, Ohio 

T-5D-3 Inorganic Alkalies 

Peter Kimen, Chairman; 
Paper & Fibre Co., 
dena, Texas 

L. B. Connelly, Secretary; Eastman 
Chemical Products Company, 704 
Texas National Bank Bldg., Hous- 
ton, Texas 

T-5D-4 Gases 

Beaumont Thomas, Chairman, Steb- 
bins Eng. & Mfg. Co., Eastern Blvd., 
Watertown, New York. 

T-5D-5 Water and Salt Solutions 

Paul Elliott, Chairman, Naugatuck 
Chemical Company, Kralastic De- 
velopment, Naugatuck, Conn. 

T-5D-6 Organic Chemicals 

Wade Wolfe, Jr., Secretary, 73_Er- 
mann Drive, Buffalo 17, New York. 

T-5D-7 Engineering Design 

Otto H. Fenner, Chairman; Monsanto 
Chemical Co., 1700 South Second 
ere St. Louis 77, Mo. 
<a Phillips, Vice-Chairman, Amer- 
“ia Zinc, Lead & Smelting Co., 

. Box 495, East St. Louis, IIli- 
ae 


T-5D-8 Methods and Criteria for Eval- 
uating Plastics in Chemical Environ- 
ment 

R. F. Clarkson, Chairman, Olin Ma- 
thieson Chemical Corp., Mathieson 
Building, Baltimore, Md. 
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T-5E Stress Corrosion Cracking of 
Austenitic Stainless Steel 


E. V. Kunkel, Chairman; Celanese 
Corp. of America, P. O. Box 428, 
Bishop, Texas 


H. R. Copson, Vice Chairman; 18 
Hampton St., Cranford, N. J. 


i 6 eng ea she me hie 


L. S. Van Delinder, Chairman; Union 
Carbide Chemicals Co., Develop- 
ment Dept., South Charleston, W. 

a 


Otto H. Fenner, Vice Chairman; 
Monsanto Chemical Co., 1700 South 
Second St., St. Louis 77, Mo. 


T-6A Organic Coatings and Linings 
for Resistance to Chemical Corrosion 


C. G. Munger, Chairman; Amercoat 
Corp., 4809 Firestone Blvd., South 
Gate, Cal. 

L. S. Van Delinder, Vice Chairman; 
Union Carbide Chemicals Co., De- 
enn Dept., South Charleston, 
we Va 


J. I. Richardson, Secretary; Amercoat 
Corp., 4809 Firestone Blvd., South 
Gate, Cal. 

T-6A-1 Rubber Linings 


R. McFarland, Jr., Chairman; Hills- 
McCanna Co Maple Street, 
Carpentersville, Illinois 


T-6A-2 Vinyl Coatings 

T-6A-3 Vinylidene Chloride Polymers 

R. L. Brown, Chairman, The Dow 
Chemical Co., Midland, Mich. 


T-6A-4 Phenolics 


Forest Baskett, Chairman; Sheet 
Metal Engineers, Inc., Box 9384, 
Houston 11, Texas 


T-6A-5 Polyethylene 


L. S. Van Delinder, Chairman; Car- 
bide & Carbon Chemicals Co., South 
Charleston, W. Va. 


T-6A-6 Neoprene 


J. R. Galloway, Chairman; E. I. du 
Pont de Nemours & Co., 2601A 
West Grove Lane, Houston 27, 
Texas 

T-6A-7 Thermosetting Coal Tar Coat- 
ings 

Woodrow E. Kemp, Chairman; Kop- 


ers Co., Inc., 15 Plum Street, 
erona, Pa. 


T-6A-9 Furanes 


T-6A-10 Polyesters 

D. D. Cone, Chairman; 
Texas, Baytown, Texas 

T-6A-11 Epoxys 

C. G. Munger, Chairman; Amercoat 
Corp., 4809 Firestone Blvd., South 
Gate, Cal. 

T-6A-12 Fluorocarbons 


Sylvan B. Falck, Chairman; Inner- 
Tank Lining Corp., 4777 Eastern 
Ave., Cincinnati 26, Ohio 

T-6A-13 Chlorinated Rubbers 

Appointment Pending 


T-6A-14 Organic-Brick Covered 


T-6A-15 Rigid Vinyls 

C. G. Munger. Chairman; Amercoat 
ae. _ Firestone Blvd., South 
sate, Ca 


Cal. 
T-6A-16 Coal Tar Coatings 


T-6A-17 Polyurethanes 


E. R. Wells, Chairman; Mobay Chem- 
ical Co., Research Laboratories, 
New Martinsville, W. Va. 


T-6A-18 Hypalon 

J. R. Galloway, Chairman; E. I. du 
Pont de Nemours & Co., 2601A 
West Grove Lane, Houston 27, 
Texas 
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T-6A-19 Asphalts 


T-6A-20 Plastisols 

Otto H. Fenner, Chairman; Monsanto 
Chemical Co., 1700 South Second 
St., St. Louis 77, Mo. 

T-6A-21 Compile Reports for Binding 
Into One Volume 

T-6B Protective Coatings for Resist- 
ance to Atmospheric Corrosion 

Robert P. Suman, Chairman; Pitts- 
burgh Plate Glass Co., P. O. Box 
21114, Houston, Texas 

M. W. Belue, Jr., Vice Chairman; 
Champion Paper Fibre Co., P. O. 
Box 872, Pasadena, Texas 


T-6B-1 Linseed and Other Drying Oils 


John D. Keane, Chairman; Steel 
Structures Painting Council, 4400 
5th Ave., Pittsburgh 13, Pa. 


T-6B-2 Ester Gum Oil 
R. L. Liston, Chairman, Cook Paint & 


Varnish Co., Box 3088, Houston, 
Tex. 


T-6B-3 Straight Phenolic Oil Varnish 
John W. Nee, Chairman, Briner Paint 


Mfg. Co., 3713 Agnes St., Corpus 
Christi, Texas. 


T-+4B-4 Modified Phenolic Oil Varnish 

John W. Nee, Chairman. 

T-6B-5 Straight Alkyd Varnish 

William F. Conners, Chairman; Hum- 
ble Oil & Refining Co., Box 2180, 
Houston, Texas. 

Robert M. Ives, Jr., Vice Chairman; 
Sales Tech. Service Div., Humble 
Oil & Refining Co., O. Box 
2180, Houston, Texas 


T-6B-6 Modified Alkyd Varnish 

Robert M. Ives, Jr., Chairman; 
Sales Tech. Service Div., Humble 
Oil & Refining Co., P. O. Box 
2180, Houston, Texas 

William F. Conners, Vice Chairman; 
Humble Oil & Refining Co., Box 
2180, Houston, Texas 

T-6B-7 Epoxy Esters 

Howell C. Owens, Chairman; Coast 
Paint & Lacquer Co., Inc., i 
Box 1113, Houston, Texas 

John G. Raudsep, Vice Chairman; 


Shell Chemical Co., P. O. Box 
2099, Houston 1, Texas 


T-6B-8 Epoxy (Amine Cured) 

John G. Raudsep, Chairman; Shell 
Chemical Co., P. O. Box 2099, 
Houston 1, Texas 

Howell C. Owens, Vice Chairman, 
Coast Paint & Lacquer Co., Inc., 
P. O. Box 1113, Houston, Texas 


T-6B-9 Chlorinated Rubber 

Otto Grosz, Chairman, The California 
Co., Box 128, Harvey, La 

T-6B-10 Vinyls 

John I. Richardson, Chairman; Amer- 
coat Corporation, 4809 Firestone 
Bivd., South Gate, Cal. 

T-6B-11 Metallic Silicates 


John Rodgers, Chairman; 5431 
Meadow Creek Lane, Houston 17, 
Texas 


T-6B-12 Coal Tar 
M. Mitchell, Chairman: Reilly Tar & 


Chemical Co., 1615 Merchants Bank 
Bldg., Indianapolis 4, Ind. 

T-6B-13 Asphalt 

Cc. C. Allen, 

Prichard Oil Corp., 10 
Bank Bldg., re 
Okla. 

T-6B-14 New Developments 

Joseph E. Rench, Chairman; Napko 
Corp., P. O. Box 14126, Houston 
21, Texas 

T-6B-15 Heat Resistant Silicones 


W. F. Gross, Chairman; c/o Norton 
Jaggard, Manager Engineering, 
Arabian American Oil Co., 505 Park 
Ave., New York 22, N. Y. 


T-6B-16 Polyurethanes 


E. R. Wells, Chairman; Mobay Chem- 
ical Co., Coatings Res., Research 
Lab., New Martinsville, W. Va. 


Anderson- 
Liberty 
City 2, 


Chairman; 


T-6B-17_ Chemical Cured Coal Tar 
Coatings 

Woodrow E, Kemp, Chairman; Kop- 
pers Co., Inc., 15 Plum St., Ver- 
ona, Pa. 


T-6C Protective Coatings for Resist- 
ance to Marine Corrosion 

John F. Oliveira, Chairman, Amer- 
coat Corporation, 2908 Knoll Acres 
Drive, Baltimore 34, Md. 


T-6D Industrial Maintenance Painting 
R. H. Bacon, Chairman; Dow Chemi- 
cal Co., Maintenance Staff, Free- 
port, Texas 
5 Martinson, Vice Chairman; 
Monsanto Chemical Company, 1706 
South Second Street, St. a Mo. 


T-6D-1 Economics of Maintenance 
Painting 

Stanley L. Lopata, Chairman; Carbo- 
line Company, #32 Hanley Indus- 
trial Center, St. Louis 7, Mo. 

T-6D-2 Standardization of Scope of 
Painting Specifications 

L. L, Sline, Chairman, Sline Industrial 
Painters, 2162 Gulf Terminal Dr., 
Houston, Tex. 


T-6D-3 Paint Programs 

F. Parker Helms, Chairman; Union 
Carbide Chemicals Co., P. O. Box 
471, Texas City, Texas 


T-6D-4 Specifications for Shop Clean- 
ing @ Primin 

L. t. Sline, Chairman; Sline Indus- 
trial Painters, 2162 Gulf Terminal 
Drive, Houston 23, Texas. 


T-6D-5 Painter Safet 

C. W. Sisler, Chairman; John F., 
Queeny Plant, Monsanto Chemical 
Co., 1700 South Second Street, St. 
Louis, Mo. 


T-6D-6 Painter Education 

L. S. Hartman, Chairman; Hartman- 
Walsh Painting, 5078 Easton, St. 
Louis 13, Mo. 


T-6E Protective Coatings in Petroleum 
Production 

C. J. Fritts, Chairman; Socony Paint 
Products Co., Box 1740, Houston, 
Texas 

F. E, Blount, Vice Chairman; Mag- 
nolia Petroleum Co., Box 900, Dal- 
las, Texas. 


T-6F Protective Interior Linings, 
Application and Methods 

W. P. Cathcart, Chairman; Tank 
Lining Corp., Washington 
Road, Pittsburgh 16, Pa. 

Bernard Saffian, Vice Chairman; 
Electric Boat Div., General Dy- 
namics Corp., Groton, Conn. 

James Cogshall, Secretary; Pennsalt 
Chemical Corp., Corrosion Engr. 
Products Dept., Natrona, Pa. 


T-6F-1 Curing 


K. G. Lefevre, Chairman; Metalweld, 
Inc., 2617 Hunting Park Ave., Phil- 
adelphia, Pa. 


T-6F-2 Surface Preparation 


T-6F-3 Inspection 


J._L. Barker, Jr., Chairman; Works 
Engineering Dept., Union Carbide 
Chemicals Co., P. O. Box 8004, 
a“ 82-421, South Charleston 3, 

wee 


T-6F-4 Safety 


J._L. Barker, Jr., Chairman; Works 
Engineering Dept., Union Carbide 
Chemicals Co., P. . Box A 
ot 82-421, South Charleston 3, 


Va. 
T-6F-5 Application 


T-6G Surface Preparation for Organic 
Coatings 
Joseph Bigos, Chairman; U. S. Steel 
orp., Monroeville, Pa. 
John D. Keane, Vice Chairman; 
Steel Structures Painting Council, 
4400 5th Ave., Pittsburgh 13, Pa. 


T-6H Glass Linings and Vitreous 
Enamels 

R. McFarland, Jr., Chairman; Hills- 
McCanna Co., 400 Maple St., Car- 
pentersville, Til. 


D. K. Priest, Vice Chairman; Pfaud. 
ler Div., Pfaudler Permutit, Inc., 
1000 West Avenue, Rochester 1], 


N. 


D. B. Johnson, Secretary; Glascote 
Products, Inc., 20900 St. Clair Ave., 
Cleveland 17, Ohio 


T-6H-1 Glass Coatings 
T-6H-2 Porcelain Enamel Coatings 


A. R. Leyerle, Chairman; Vitreous 
Steel Products Co., P. O. Box 3991, 
Cleveland 20, Ohio 


T-6] Protective Coating Application 
Problems 


T-6J] Los Angeles Area, Protective 
Coating Application Problems 


Flora L. Davis, Chairman; Hughes 
Aircraft, Bldg. 6Z1072, Florence & 
Teale, Culver City, Cal. 


Newell W. Tune, Secretary; L. A, 
Water & Power, 510 East 2nd St., 
Los Angeles, Cal. 


T-6J-1 Specification Writing 


Newell Tune, Chairman, Dept. of Wa- 
ter & Power, 510 East Second St., 
Los Angeles, Calif. 


T-6]-2 Application Procedure 

David Jaffee, Chairman; Williams 
Waterproofing Co., 3107 Fletcher 
Dr., Los Angeles, Cal. 


T-6]-3 Inspection Techniques 


Flora L. Davis, Chairman; Hughes 
Aircraft, Bldg. 6Z1072, Florence & 
Teale, Culver City, Cal. 


T-6J]-4 Cost Evaluation 

W. J. Frith, Chairman; Service Coat- 
ing Corp., P. O. Box 524, Wil- 
mington, Cal. 


T-6K Corrosion Resistant Construc- 
tion — Masonry and Allied Ma- 
terials 


L. R. Honnaker, Chairman; E. I. du 
Pont de Nemours & Co., Inc., Eng. 
Dept., 33E20 Louviers Bldg., Wil 
mington, Del. 


T-6R Protective Coatings Research 


J. H. Cogshall, Chairman; Pennsalt 
Chemicals Corp., Corrosion Engi- 
me Products Dept., Natrona, 
a. 


i esi eit LELiLy 
Committee 


C. L. Mercer, Chairman; Southwest- 
ern Bell Tel. Co., P. O. Box 58, 
Westfield, Texas 


Paul C. Hoy, Vice Chairman; Day- 
ton Power & Light Co., 25 North 
Main St., Dayton, Ohio 


T-7A Northeast Region Corrosion 
Coordinating Committee 

C. A. Erickson, Chairman; Peoples 
Natural Gas Co., Two Gateway 
Center, Pittsburgh 22, Pa. | 

L. A. Kellogg, ice Chairman; 
Niagara Mohawk Power Corp., 300 
Erie Blvd. West, Syracuse, N. Y. 


New Jersey Committee on Corrosion 

T. S. Watson, Chairman; Socony 
Mobil Oil Co., Inc., Eastern Pipe 
Lines Div., P. O. Box 989, Plain- 
field, N. J. 


P. S. McKenna, Vice Chairman; Dela- 
ware Lackawanna & Western Rail- 
road, Hoboken, N. J. 

R. J. Bishop, Secretary; Public Serv- 
ice Electric & Gas Co. of N. J., 80 
Park Place, Newark, N. J. 


Greater New York Committee on 
Corrosion 


B. C._ Hallowell, Chairman; Low 
Island Railroad, Long Island, N. Y. 


Joseph Moriarty, Vice Chairman; 
New York Tel. Co., 296 Houston 
St., 2nd Floor, New York 14, N. Y. 
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Directory of NACE Technical Committee eI L Ee: 


Western New York State Corrosion 
‘ommittee 


R. L. Seifert, Chairman; Tennessee 
Gas Transmission Co., O. Box 
98, Hamburg, N. Y. 

E. L. Varney, Vice Chairman; Iro- 
uois Gas Corp., 365 Mineral 
Springs Road, Buffalo, N. Y. 

A. Fim, Secretary; Niagara Mohawk 
Power Corp., 93 Dewey Avenue, 
Buffalo 14, N. Y. 

Southern W. Virginia Corrosion Co- 
ordinating Committee 

K. R. Gosnell, Chairman; Develop- 


ment Dept., Union Carbide Chem- 
icals Co., South Charleston, West 
Virginia 


P. F. Sweeney, Vice Chairman; Chesa- 
eake & Potomac Tel. Co. of W 
a., 816 Lee St., Charleston 5, W. 

Virginia 

James A. Parker, Secretary; United 
Fuel Gas Co., Box 1273, 
Charleston 25, W. Virginia 


Greater Boston Electrolysis Committee 

William Helm, Jr., Chairman; Boston 
Gas Co., 1 Arlington St., Boston, 
Mass. 

J. J. Molloy, Vice Chairman; Cam- 
bridge Electric Light Co., 46 Black- 
stone St., Conitiellen: Mass. 

Henry E. Wilkins, Secretary-Treas- 
urer; Central Laboratory, New 
England Electric System, 939 South- 
bridge Street, Worcester 10, Mass. 


Western Pennsylvania Corrosion Com- 
mittee 

John B. Vrable, Chairman; New 
York State Natural Gas Corp., Two 
Gateway Center, Pittsburgh 22, Pa. 

G. C. Picht, yt Vice Chairman; 
American Tel. & Tel. Co. 429 
Fourth Ave., Pittsburgh 19, Pa. 

F. E, Costanzo, Secretary; Manufac- 
turers Light & Heat Co., 253: Ryan 
Drive, Pittsburgh 19, Pa. 


Pittsburgh Corrosion Committee 

€. M. Rutter, Chairman; Equitable 
Gas Co., 420 Blvd. of the Allies, 
Pittsburgh, Pa. 

D. W. Kissinger, Vice Chairman; 
Duquesne Light Co., 1241 Reeds- 
dale Street, Pittsburgh 33, Pa. 

E. W. Steel, Secretary; Bell Tele- 
o~ Co. of Pa., 201 Stanwix St., 
rd Floor, Pittsburgh 22, Pa. 


T-7B North Central Region Corrosion 
Coordinating Committee 

Paul C. Hoy, Chairman; Dayton 
Power & Light Co., 25 N. Main St., 
Dayton, Ohio 

J..O. Mandley, Vice Chairman; Mich- 
igan Consolidated Gas Co., 415 Clif- 
ford, Detroit, Mich. 


Chicago Area Committee on Under- 
ground Corrosion 


J. Svetlik, Chairman; Northern In- 
diana Public Service Co., 5265 
Hohman Ave., Hammond, Ind. 

Cc. N. Crowe, Vice Chairman; Stand- 
ard Oil Co. (Ind.) P. O. Box 
5910-A, Chicago 80, III. 


Columbus and Central Ohio 
Committee on Corrosion 

N. R. Patton, Chairman; Columbus & 
Southern Ohio Electric Co., 215 
North Front St., Columbus 15, Ohio 
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Use of High Silicon Cast Iron for Anodes— 
Fourth Interim Report of NACE Technical 
Unit Committee T-2B on Anodes for Im- 





C. H. Bope, Secretary, Columbus & 
Southern Ohio Electric Co., 215 
North Front St., Columbus 15, Ohio 


Toledo and Northwestern Ohio Com- 


mittee on Corrosion 


L. H. West, Chairman; 339 W. Fre- 
mont St., Fostoria, Ohio 

O. V. Henrion, Vice Chairman; Ohio 
Bell Tel. Co., 121 Huron St., 
Toledo 4, Ohio 

I. H. Heitkamp, Secretary; Toledo 
Edison Co., 420 Madison Avenue, 
Toledo 4, Ohio 

Detroit Committee on Electrolysis 

C. Chapin, Chairman; Dept. of Water 
Supply, 701 Water Board Rldg., 
Detroit 26, Mich. 

P. Hough, Vice Chairman; Michigan 
Bell Telephone Co., 3800 Cadillac 
Tower, Detroit 26, Mich. 

E. E. Westerhof, Secretary-Treasurer; 
Consumers Power Co., 212 W. 
Michigan Ave., Jackson, Mich. 

Joint Electrolysis Committee of Vari- 
ous Utility Companies of Chicago 
. I. Perry, Chairman; Common- 
wealth Edison Co., 72 W. Adams 
St., Rm. 818, Chicago 90, Ill. 

H. C. Boone, Secretary; Peoples Gas, 
Light & Coke Co., 122 S. Michigan 
Ave., Rm. 1732, Chicago 3, Ill. 

T-7C Southeast Region Corrosion Co- 
ordinating Committee 


Ernest W. Seay, Jr., Chairman, Ches- 
ake & Potomac Tel. Co. of Va., 
20 W. Bute St., Norfolk, Va. 

R. W. Hamel, Vice-Chairman; Com- 
monwealth Natural Gas Corp., Box 
2350, Richmond, Va. 

The Louisville (Ky.) Joint Electrolysis 
Committee 

Stuart H. Gates, Chairman, South- 
ern Bell Tel. & Tel. Co., Louis- 
ville, Ky. 

John L. Gray, Vice-Chairman, Louis- 
ville Gas & Electric Co., Louis- 
ville, Ky. 

Walter Zell, Secretary, Louisville Gas 
& Electric Co., Louisville, Ky. 

South Florida Corrosion Control 
Committee 

J. B. Prime, Jr., Chairman; Florida 
Power & Light Co., P. O. Box 3100, 
Miami 30, Fla. 

J. Frink, Vice Chairman; The Hous- 
ton Corp., P. O. Box 4421, Miami 
27, Fila. 

C. H. Montague, Secretary; Peoples 
Gas System, 564 N. E. 125th Street, 
North Miami 61, Fla. 

Tidewater Corrosion Committee 

E. W. Seay, Jr., Chairman; Chesa- 
peake & Potomac Tel. Co. of Vir- 

inia, 120 W. Bute St., Norfolk, 
a 

J. W. Berryman, Jr., Secretary; Dis- 
trict Public Wks. Office, 5th Naval 
District, Naval Base, Norfolk 11, 


a. 

T-7D South Central Region Corrosion 
Coordinating Committee 

C. L. Mercer, Chairman; Southwest- 
ern Bell Tel. Co., Box 58, West- 
field, Texas 

C. L. Woody, Vice Chairman, United 
Gas Corporation, Box 2628, Hous- 
ton, Texas. 

Houston Corrosion Coordinating Com- 
mittee 

C. L. Mercer, Chairman, Southwest- 
ern Bell Telephone Co., Box 58, 
Westfield, Texas. 


Gas Wells. 


A Proposed Standardized Static Laboratory 
Screening Test for Materials to Be Used 
as Inhibitors in Sour Oil and Gas Wells— 
Report of NACE Technical Unit Com- 
mittee T-1K on Inhibitors for Oil and 


Corrosion Behavior of High Purity Vana- 
dium, by David Schlain, Charles B. Kena- 
han and Walter L. Acherman 


San Antonio Area Corrosion 
Committee 

Carl M. Thorn, Vice Chairman; 
Southwestern Bell Tel. Co., P. O. 
Box 2540, San Antonio 6, Texas 

I. A. Flodin, Secretary; School of 
eres Robert College, Bebek, 
P. K. 8, Istanbul, Turkey 


T-7E Western Region Corrosion Co- 
ordinating Committee 


Lee B. Hertzberg, Chairman; East 
Bay Municipal Utility District, 2127 
Adeline St., Oakland, Cal. 

W. G. Collins, Vice Chairman; Pa- 
cific Tel. & Tel. Co., 760 Market 
oe Room 1136, San Francisco 2, 

al. 


C. K. Notley, Secretary; 
nut St., Berkeley 7, Cal. 


1132 Wal- 


Central California Cathodic Protec- 
tion Committee 


R. M. Evans, Chairman; Standard 
Oil Co., 11-C Camp, Taft, Cal. 
J. W. Ritter, Vice Chairman; South- 


ern California Gas Co., Box T, 
Taft, Cal. 


J. R. Bryant, Secretary, Pacific Gas & 
Electric Co., 245 Market Street, San 
Francisco 6, Cal. 


San Diego County Underground Cor- 
rosion Committee 

Ray Ditto, Chairman; California 
Water & Telephone Co., 386 Third 
Avenue, Chula Vista, Cal. 

R. E. Hall, Vice Chairman, Union Oil 
Co., Research Center, Brea, Cal. 
F. O. Waters, Secretary; 6326 Monte- 
zuma Road, San Diego 15, Cal. 


Electrolysis Committee of Southern 
California 


I. C. Dietze, Chairman; 
Water & Power, City o 
geles, Box 3669, Terminal 
Los Angeles 54, Cal. 

F, F. Knapp, Secretary, 308 Beau- 
mont Drive, Vista, Cal. 


Dept. of 
f Los An- 
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The Joint Committee for the Protec- 
tion of Underground Structures in 
the East Bay Cities 


R. A. Moulthrop, Chairman; Pacific 
Gas & Electric Co., 1625 Clay 
Street, Oakland 12, Cal. 


Leslie Paul, Vice Chairman; East Bay 
Municipal Utility District, P. O. 
Box 4616, Oakland 23, Cal. 


Cc. K. Notley, Secretary-Treasurer; 
1132 Walnut St., Berkeley 7, Cal. 


The San Francisco Committee on 
Corrosion 


A. J. Badura, 
Union Tel. Co., 
Oakland, Cal. 


G. C. Hughes, Secretary; Pacific Tel. 


& Tel. Co., No. 1 McCoppin St., 
San Francisco, Cal. 


T-7F Canadian Region Corrosion Co- 
ordinating Committee 


C. L. Roach, Chairman, Bell Tele- 
hone of Canada, Room 1425, 1050 
eaver Hall Hill, Montreal, Quebec 

Canada. 


Peter Dunkin, Vice Chairman; Union 
Gas Co. of Canada, Ltd., 48 Fifth 
St., Chatham, Ontario, Canada 


Chairman; Western 
125-12th St., 


TECHNICAL PAPERS SCHEDULED FOR FEBRUARY PUBLICATION 


Oxidation of Metals by Carbon Dioxide at 
Temperatures of 1100 F to 1740 F and 
Pressures of 100 to 200 psi, by J. C. 







Southern Ontario Committee on Elec- 
trolysis 

K. G. Dellenbach, Chairman; Sarnia 
Products Pipeline —— Oil 
Ltd., P. O. Box 380, aterdown, 
Ontario, Canada 

Gorden I. Russell, Vice Chairman; 
Interprovincial Corrosion Control 
Co., Ltd., P. O. Box 310, Burling- 
ton, Ontario, Canada 

L. F. Heverly, Secretary-Treasurer; 
Trans-Canada Pipe Lines Ltd., 150 
Eglinton Ave. E, Toronto 12, On- 
tario, Canada 


Refining industry 
Corrosion 


T8 





E. B. Backensto, Chairman; Socony- 
Mobil Oil Co., Inc., Res. & Dev. 
Lab., Paulsboro, N. J. 

Cecil Phillips, Jr., Vice Chairman; 
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A Laboratory Paint Test Program” 
By R. E. GACKENBACH 
Introduction Abstract 


NDUSTRIAL ENVIRONMENTS are 

varied; even within a given plant, 
there can be several dissimilar exposures. 
Many different types of paint must be 
used because no one paint is acceptable 
for all environments. Consequenty, the 
services of a specialist are needed. 

Neither manufacturer nor user alone 
can determine the best paint for a given 
application; therefore a test program is 
needed. Because each process industry 
has its own peculiarities, each test pro- 
gram must be formulated to meet indi- 
vidual requirements. The procedure 
developed by American Cyanamid Com- 
pany was tailored specifically for condi- 
tions within its organization and may or 
may not be applicable for other groups. 
However, it has been an aid in paint 
selection and has minimized the guess- 
work normally present in an over-all 
painting program. 

Before a paint test program can be 
drawn up, one must decide what proper- 
ties are required in a paint system, This 
was done after consultation with paint 
manufacturers, paint users and mainte- 
nance and engineering personnel in the 
company. Desirable qualities were organ- 
ized into a list titled “Performance Re- 
quirements” covering primers and chemi- 
cal resistant finishes. Performance require- 
ments for primers are listed in Table 1. 

In testing, one and two coats of 
primer were evaluated. A generically 
similar primer of known performance 
was tested with the sample primers and 
was used for comparison. All testing, 
unless otherwise indicated, was performed 
at 77 F +5 F and a relative humidity 
below 65 percent. Paints were mixed in 
accordance with manufacturers’ instruc- 
tions; no thinning was done unless spe- 
cifically called for by the paint maker. 
The evaluation is based on a system of 
10 numbers. A rating of 10 indicates 
superior qualities, zero signifies very 
poor features and the numbers 9 to | 
designate various stages between the ex- 
tremes, 


* Submitted for publication February 1, 1959. A 
Paper presented at the 15th Annual Conference, 
National Association of Corrosion Engineers, 


March 16-20, 1959, Chicago, II. 
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At the beginning of the test program, 
panels were made by the maintenance 
department from any type of steel sheet 
available. The panels contained all types 
of surface irregularities such as mill scale, 
rust, scratches and nicks which interfered 
with the paint film and produced erratic 
results. Therefore, a panel of uniform 
surface characteristics (new 3-inch by 6- 
inch carbon steel) were purchased. A 
%4-inch hole was drilled in top cenier of 
each panel. Panels were then stamped in 
the upper right-hand corner with a code 
number identifying the primer being 
tested. Panels were degreased with a com- 
mercial solvent, dried and placed in an 
oven or dessicator until ready for use. 


Brush Application 


An attempt was made to apply paints 
in a manner closely approximating that 
used by plant painters. Brush application 
was most widely used for priming be- 
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A laboratory paint test program is de- 
scribed as a method of screening paints to 
select the specific item that will give the 
degree of protection needed for specific ap- 
plications. Benefits and pitfalls of such a 
program are outlined. Paints that fail in 
the laboratory will probably fail in the 
field. Those that show promise in the lab 
must be field tested to determine final suit- 
ability, 2.3.7 


cause it forced the paint into all the sur- 
face imperfections and crevices. Spray 
application had a tendency to bridge 
gaps and crevices and was used only on 
large exposed plane surfaces. A single 
brush coat of the primer under test was 
applied to both sides of a steel panel. 
For convenience in painting, the top 
1/4-inch was not coated. 

After 24 hours, a second primer coat 
was applied to the right-hand half of the 
panel. During both applications, the rela- 
tive ease of brushing was compared with 
descriptions given in Table 2. Special 
attention was given to flow marks, laps, 
run-out and webbing. The ideal primer 
should brush on with smooth, easy strokes 
and should not run out or web; flow 
marks should readily dissipate and leave 
a uniform coat. Only a small percentage 
of primers proved difficult to brush out. 

Simultaneously, the time of applica- 
tion was recorded. After 15, 30, 45 and 
60 minutes the paint film surface was 
checked for degree of dryness. At the end 
of one hour, the primer was examined 
hourly. In drying, time was judged by 
touching with the finger and noting the 
tackiness. The length of time a brush 
coat required to dry tack-free on a steel 
surface was converted to a number as 
given in Table 3. A primer that dried 
tack-free in less than 30 minutes usually 
became difficult to apply and could not 
be brushed out. If the drying time ex- 
ceeded four hours, the film was suscepti- 
ble to damage by fumes and picked up 
large amounts of dust, dirt and moisture. 
For maximum protection, re-coating 
should be possible after eight hours al- 
though 24 hours is normally allowed. 

Dry film thickness measurements were 
taken of each coat by instrument after 
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TABLE 1—Performance 


Se ee eae acre. Soe een fe 


3. Surfs ace preparation eee 


- ” Method of application... 


5. Cc ompatibility with other paints... .. 


40 oN wee | 
| 


6. Normal allowable temperature limit for appli | 
UM eat Ok ore 7 : 


7. Dry film thickne: 





8. Normal drying time— 
To touch (Tack free) . : aM 
To recoat Rae 


9. Upper temperature limit in service 


10. Chemical resistance . 
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24 hours’ drying time. Ten readings for 
each coat (five on each side of the panel) 
were averaged. In the process industries, 
it is standard practice to specify a 3-coat 
system with a 5.0-mil average thickness 
and a 4.5-mil minimum thickness. Each 
coat should carry its share of the load; 
thus, the minimum primer thickness 
should be 1.5 mils. 

In the laboratory, there is a tendency 
to apply the paint too thick or too thin. 
This can be overcome with practice. It 
is important that the paint film build 
used on the test panels be the same as 
that achieved by plant painters. A differ- 
ence of one or two tenths of a mil is not 
critical and is the normal variance found 
in field practice. Laboratory film build 
determinations used in these tests to find 
the range of thickness (low, medium, 
high) are not absolute values because of 
the many inherent variables such as panel 
size, brush size and painter technique. 


Accelerated Test 


Test panels were cured one week be- 
fore immersion in the water bath test. 
This test is an accelerated means of de- 
termining permeability and general 
breakdown of paint film. The water bath 
consisted of a stainless steel pan through 
which tap water flowed at a slow but 
constant rate. Flowing water was used to 
prevent stagnation of the water, build up 
of corrosion products and loss of water 
level. Bath temperature was constant at 
105 F +5 F. 

Before immersion, the coated panels 
were scratched to bare steel on one side 
with a pen knife. The scratch in the one 
primer coat extended from the upper left 
corner to the middle of the bottom; that 
in the two primer coats extended from 
the upper right to the middle of the bot- 
tom, thus forming a V scratch. The 
scratch was made to %-inch from the 
end of the panel so that the coating was 
not damaged and edge failure was not 
accelerated. The bottom half of the 
scratched panels was suspended in the 
water bath by a glass rod for 25 days. 
After removal, degree of failure was 
rated numerically by the description 
shown in Table 4. Special attention was 
given to blistering, alligatoring, adhesion 
and general breakdown. 

After the water bath evaluations have 
been made, the bottom 3! inches of 
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Requirements for Primers 


Interior and exterior structural shapes, piping and 
equipment 


“Steel- Carbon and low alloy 


Gantblaating: power brushing and wire brushing 


spray , and roller 


Brush, 


| Must be compatible with oil, rubber and ‘synthetic base 
finishes 


40-160 F 


1 4 hours 
—24 hours 


.| 250 F 


Good to excellent 
| 


each test panel was solvent stripped. The 
scratch and the immediate vicinity were 
examined to determine effectiveness of the 
inhibited primer. Minor changes in the 
width and/or depth of the scratch were 
tolerable and indicated the primer was 
effective. Severe corrosion, underfilm at- 
tack and edge breakdown were not desir- 
able. Some surface blemish caused by 
paint film permeability was allowed. The 
descriptions of the various ratings are 
given in Table 5. 

The water bath was chosen for its 
accessibility, compactness and ease of op- 
eration. Experience has indicated that 
data obtained from this test was almost 
identical to that procured with standard 
salt spray test. There is little relationship 
between the salt spray test and chemical 
resistance in other environments. The 
same holds true for the water bath test. 
‘The water bath data were not always 
identical with data obtained from the 
salt spray test but were of the same order 
of magnitude. 

Before the water bath was adopted as 
the standard, two identical sets of test 
panels were painted and aged. One set 
was run in the salt spray; the other in 
the water bath. After exposure, each set 
was rated individually in order of per- 
formance. When the two lists were com- 
pared, they were identical except for 3 
panels which were out of order by no 
more than one number. 


Chemical Resistance of Primers 

Primers are essentially bonding agents, 
formulated to provide excellent adhesion 
to the substrate and a base to which the 
top coats can be applied. Primers gen- 
erally contain some rust inhibitive pig- 
ments and, thus, provide some _ protec- 
tion against atmospheric and chemical 
attack. A primer with good chemical re- 
sistance will enhance a system’s over-all 
protective value. A primer with poor 
chemical resistance cannot be relied upon 
to furnish protection until the top coat 
is applied. Often such a primer will cause 
premature failure of the system. 

In construction or maintenance work, 
the primed structure and equipment are 
exposed to moisture and chemical fumes 
while awaiting a top coating. Therefore, 
each primer must have some chemical 
resistance. 


New %-inch round bar stock of SAE 
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TABLE 2——Brush Application 
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Superior flow quality 
Smooth-easy flow 
Smooth to moderate flow 
Moderate flow 

Poor flow 

Difficult to brush 

Runs 

Begins to web 

Webs 

Any combination of 2-3-4-5 
Cannot apply 





TABLE eens Time 


10 30—45 minutes 

9 45—60 minutes 

8 1—2 hours 

7 2—3 hours 

6 3—4 hours or 15—30 minutes (S or F) 

5 4—8 hours or less than 15 minutes (S or F) 
4 8—12 hours 

3 12—16 hours 

2 16—20 hours 

1 20—24 hours 

O Over 24 hours 


TABLE 4—Chemical Resistance and Water 
Bath 


. Perfect—no change 

Stain or slight discoloration 

Discoloration 

Pin blistering—few 

Pin blistering—moderate 

Pin blistering—many; 
Blistering—few 

Alligatoring—moderate; Blistering—moderate 

Alligatoring—bad; Blistering—many 

Softening 

Partial dissolution of film 

Dissolution of film 


CI I00 


Alligatoring—slight; 
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10 Perfect—no change. 

9 Very little change—slight deepening “of scratch 
but no spreading of width 

8 Very little change—alight deepening of acrateli 
with slight spreading of width 


7 Same as 8 ‘but with some surface blemish 


6 Widening of scratch to 144” max. on either side 


with deepening of scratch and some blemish 


5 W idening of scratch to 4” max. on either side 


with deepening of scratch and some blemish, 
or, widening of scratch to 45” max. on either 
side with deepening of scratch and medium 
blemish 


4 Widening of scratch to 4” max. on either side 
with some surface blemish, or, widening ol 
scratch to 4%” max. on either side with deepen- 
ing of scratch and medium blemish 


3 Ww idening of scratch to 4” max. on cither side 
with spotty brez Rvowe of edges or widening 
of scratch to 4%” max. on either side with 
deepening of scratch and medium blemish 


2 Ww idening of scratch over 1%" max. on either side 
with moderate breakdown of edges 


a Severe edge breakdown with “underfilm corrosion 


0 Complete failure 


1020 steel was cut into 4-inch lengths 
for these tests. Ends of each rod were 
rounded and a 14-inch hole drilled in one 
end. The rods were free of mill scale. 
The primer was applied by dipping. The 
test bar was slowly lifted automatically 
from the paint; the rate of pull-out was 
adjusted so that there was no sagging oF 
running. After aging for 7 days, the dry 
film thickness was measured, The coated 
specimens, inserted in a rubber or cork 
stopper, were half immersed in a glass 
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Figure 1—Punch card used for paint test data, front side. 
TABLE 6—Performance Requirements for Pinishes 
1. Use | Interior and exterior structural shapes, piping and 
equipment 
2. Surface s | Steel—C arbon aur ow aitoy 


3. Colors. ‘ 


4, Gloss (ASTM D523 


5, Method of Application 


6. Compatibility with other paints. 


7. Normal allowable temper rature limit for appli- | 
cation 


8. Dry film thickness. on 


9. Normal drying time 


40 


Medium and dark shades 


—30 maximum 


Brush, spray, roller 


Mus t go over primers which are recommended by the 


manufacturer and must be compatible with the old 


paint film 


160 F 


1.5 mils/coat minimum 


To touch (tack free) | 144—4 hours 
To | recoat —24 hours 
10. U pper temperature limit in service. 250 F 


1H. 3¢ hemic al resistance-splashes ‘and spills ; 


| Excellent 


TABLE 7—Final Evalvation 





Application 7° staiee Water Bath 


Rating Scratch | Resistance 
A.. eae 7 minimum me 7 minimum 5minimum | 5minimum | Excellent 
B. 6 minimum 6 minimum 4 minimum 4 minimum Good 
Oy 5 or less | 5or less | 3or less 3 or less | Poor 

i as BR i a ag oe ! 

bottle containing the test solutions. The hours. However, if no reaction occurred 


primers are tested in 11 solutions: 10 per- 
cent sulfuric, 10 percent nitric, 10 percent 
hydrochloric, 10 percent acetic, 10 per- 
cent sodium hydroxide, 50 perce nt sodium 
hydroxide, 10 percent sodium carbonate, 
benzene, methanol, carbon tetrachloride 
and me thylethy! ketone. 


Sulfuric acid tested the coating’s re- 
sistance to a non-oxidizing acid. Because 
of its volatility, hydroc hloric acid deter- 
mined the coating’s impermeability and 
its resistance to a non-oxidizing acid. 

The resistance to an oxidizing media was 
checked by nitric acid. Acetic acid estab- 
lished the degree of impermeability and 
Tesistance to organic materials. The al- 
kalies established chemical resistance and 
degree of saponific ation. The solvents 
defined the coating’s resistance to various 
organic groups. Normal exposure was 24 


in this time, the specimens were exposed 
up to 7 days with examinations on the 
4th and 7th days for discoloration, blis- 
tering, alligatoring, softening and disso- 
lution of the paint film. Table 4 was used 
in rating the specimens. This test de- 
termined the chemical service in which 
each paint could be used. 


Chemical Resistance of Finish Coats 

The primer is only one part of the 
system. A top coat or two are required 
to furnish optimum chemical resistance 
against a corrosive environment. Per- 
formance requirements for chemical re- 
sistant finishes are given in Table 6. 

The testing procedures and rating 
charts used to evaluate proprietary paints 
classed as chemical resistant finishes were 
the same as those for testing primers. An 
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Figure 2—Back side of punch card for additional 
paint test data. 


exception is the use of one diagonal 
scratch per panel. An effort was made 
to test and use complete systems as 
recommended and supplied by the paint 
manufacturer. Occasionally, mixed sys- 
tems were tested, but these were kept to 
a minimum. The testing of chemical re- 
sistant finishes was conducted simultane- 
ously with the primers. 

In the water bath testing of finish 
paints, only one top coat was applied to 
the primer. This decreased the amount of 
work, cut the time to failure and quickly 
eliminated marginal systems. It is _be- 
lieved that what one top coat can do, 
two can do better. Thus, if one primer 
coat and one finish coat perform in an 
excellent manner, the second top coat 
can be expected to improve the system’s 
effectiveness, as shown by field test data. 
Chemical resistance data was procured 
from rods containing only the finish or 
top coat. 

This test procedure has been developed 
over a period of years, having undergone 
many revisions and modifications. The 
program has been designed so that dif- 
ferent persons can do the testing at dif- 
ferent times and still obtain reproducible 
results. The best systems are under con- 
stant scrutiny. They are re-tested to 
check original data and to assure that 
the quality has been maintained. Some 
systems re-tested 10 or more times by 
various persons have shown surprisingly 
similar results. Once a person is familiar 
with the rating system, ratings by two 
persons will not differ by more than one 
number. All test data were recorded on 
paint data test sheets and transferred to 
punch cards, shown in Figures | and 2. 

Final evaluation of the coatings sys- 
tem was based on results of the indi- 
vidual tests. Each test in the procedure 
was considered important and was in- 
cluded to assess certain paint character- 
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‘istics. Thus, each test carried equal 
weight. Poor showing in one test could 
lower the over-all rating of the system. 


The final evaluation chart, Table 7, 
was based on the outcome of tests on 250 
systems including about 20 percent re- 
peats. Panels were individually rated 
and the results of each separate test 
were tabulated according to frequency. 
About 25 percent of the systems checked 
to date fall in Rating A, another 50 per- 
cent in Rating B and the last 25 percent 
in Rating C. 

To meet minimum requirements set in 
the performance requirements, the paint 
system must fulfill the following six points: 


1. Rated 6 or better on application. A 
paint that is difficult to apply might be 
handled in a haphazard manner by paint- 
ers, thus leading to premature failure. 


2. Rated 6 or better in drying time. 
If the paint dries too fast, it leads to 
poor application. If it dries too slow, the 
paint film picks up dust and/or moisture 
from chemical atmospheres. These con- 
taminants can easily lead to early paint 
film failure. 


3. High enough in solids content to 
have a minimum dry film thickness of 
1.5 mils per coat. Less than this makes 
it difficult to attain a 5-mil thickness in 
a three-coat system consisting of one 
primer coat and two finish coats. 


4. Rated 4 or better in the water bath 
test. Lower ratings indicate excessive 
porosity, poor adhesion and general in- 
adequacy of the film. 
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5. Rated 4 or better on scratch evalu- 
ation. Lower ratings indicate excessive 
porosity, breakdown of film, underfilm 
corrosion and/or a non-inhibitive primer. 


6. Rated good or better in chemical re- 
sistance. Poor chemical resistance signi- 
fies unsatisfactory performance in plant 
environments. Resistance to the various 
chemical groups, acids, alkalies and sol- 
vents is individually considered and eval- 
uated. 

After testing, the paint rating for indi- 
vidual tests was converted to a_ final 
rating letter: A, B or C. A denoted an 
excellent system worthy of further testing 
for application in the most severe serv- 
ices; B designated a good system which 
could be used in milder environments; C 
signified a system that did not meet mini- 
mum requirements and was unsuitable 
for application in a chemical atmosphere. 


Conclusions 
A laboratory test program is a screen- 
ing process. It offers convenient, low cost 
and quick results but does not indicate 
which paint is most suitable for a given 
application. Indeed, the results are just 
the opposite: The program indicates 
which paint is not suitable. Therefore, 
the most promising systems must be 

tested in the field or plant. 


DISCUSSION 


Question by Lt. Col. Serge Tonetti, U. S. 
Army Chemical Corps, Sheffield, Ala- 
bama: 


The labor application cost of brushing 
a primer is several times the labor cost 
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of spraying. Is your strong preference for 
brushing primers based on_ theoretical 
reasons or actual field evaluation? 


Reply by R. E. Gackenbach: 


Preference for the brushing of prime 
coats is based on actual experience in our 
chemical plants. 


Question by Kenneth Tator, Coraopolis, 
Pennsylvania: 

Do you test paints in single coats or sys- 

tems? 


Reply by R. E. Gackenbach: 


Primers are tested alone and in combi- 
nation with suitable top coats. However, 
the primer and top coat must be a sys- 
tem recommended by the paint manv- 
facturer. The primer of one company is 
not tested with a top coat of another 
company. 


Question by E. G. Brink, American Vis- 
cose Corp., Marcus Hook, Penn.: 
Have you obtained good correlation be- 
tween film thickness measurements made 
in the laboratory and those obtained in 


the field? 


Reply by R. E. Gackenbach: 

There is no real correlation. The film 
build data gathered from this test is only 
a guide. Paints that form thin films in 


the lab generally form thin films in the 


field; the same holds true for the heavier 
build paints. 


NACE Guide for Preparation of Articles for Publication 


Persons interested in submitting articles on corrosion for publication in CORROSION can obtain upon 
request a copy of the “NACE Guide for Preparation of Papers.” Write to CORROSION, National 
Association of Corrosion Engineers, 1061 M & M Bldg., Houston 2, Texas. 
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Testing of Coal Tar Coatings (4) — Surface Preparation 


And Atmospheric Exposure* 


Introduction 

TMOSPHERIC EXPOSURE tests in 
A an environment of known _ pro- 
nounced corrosivity were conducted to 
determine whether non-bituminous_in- 
hibitory pigmented primers should be 
specified for all applications of coal tar 
protective coating systems. 

Coal tar technologists have maintained 
that such primers would contribute little 
to the life of a coal tar protective system 
because cold applied coal tar coatings 
are self-priming, impermeable to water 
and usually heavily applied. Paint chem- 
ists have advised that non-bituminous 
primers should be specified as good prac- 
tice because such primers should give at 
least some degree of longer life to the 
coating system and should help minimize 
eage corrosion, 


Materials Used in Tests 

Various primers were provided by 
technologists experienced in non-bitumi- 
nous protective paint systems. The cold 
applied coal tar barrier and top coats 
used in different areas have previously 
been described in an earlier paper in 
this series.! Briefly, these coatings have 
been described as light duty (Class 1), 
moderate duty (Class 2), heavy duty 
(Class 3), pitch emulsion (Class 4) and 
light duty, potable, (Class 5). 


Most primers cannot be used with 
coal tar coatings because of the high 
solvency properties of coal tar solvent 
naphtha which usually must be used to 
keep the solid coal tar constituents in 
suspension. Such aromatic solvents usu- 
ally act as commercial paint removers 
when applied over conventional oil base 
inhibitory pigmented primers. 

Exceptions to the above are the so- 
called wash primers (or metal condition- 
ers) and solvent-resistant red lead epoxy 
primers. Reportedly, Class 4 pitch emul- 
sions can be used safely in combination 
with some pigmented primers, but it is 
always advisable to make patch tests 
for each primer and coating pair under 
consideration. 

Surfaces to be used for this test were 
selected in a coke plant at Kearny, New 
Jersey. This location’s atmosphere is very 
corrosive because of fumes, sharp winter- 
to-summer and day-to-night temperature 
changes, coke breeze and particularly be- 
cause of tidal river water condensation 
used in the plant coke quencher, which 
distributes salt-laden moisture over all 
exposed surfaces. 


Submitted for publication February 6, 1959. A 
aper titled ‘Coal Tar Coatings and Surface 
reparation’? presented at the Northeast Region 
onference, National Association of Corrosion 
Engineers, Boston, Mass., October 6-8, 1958. 


By W. F. FAIR, JR. 


W. F. FAIR, JR., is eastern technical repre- 
sentative for the Tar Products Division of 
Koppers Company, Inc., Verona, Pa. He has an 
AB from Harvard College and MS and PhD in 
chemistry from Columbia University. He has 
been president (1956) and vice president of 
NACE, chairman of the Metropolitan New 
York Section and member of the NACE Board 
of Directors. He is also a member of American 
Chemical Society, American Institute of 
Chemists, ASTM and Society of Rheology. 


Actifier Tower Coating 

An actifier tower was the first struc- 
ture coated. Coating systems used on this 
54-foot high, 20-foot diameter welded 
steel tower were applied on panels 26.9 
inches wide and 41-foot high, leaving a 
12-foot, 9-inch high section at the top 
of the tank. The lower 20-foot tower 
section was sandblasted and permitted to 
rust for a minimum of four days before 
coating. 

Just before application of the sched- 
uled priming coat, the upper portion of 
each panel was sandblasted and_ the 
lower portion, which had been permit- 
ted to rust, was power wire-brushed. This 
rust was very soft and readily removed 
by wire brushing. The surface thus ob- 
tained was almost comparable to a 
freshly sandblasted area and cannot be 


TABLE 1—Actifier Tower 


Sections Primer Type Barrier Coat* 
Tar Emulsion 

VP-1 | Tar Emulsion 

WP-1 | Heavy Duty Cutback 
Wash Primer (a) | Heavy Duty Cutback 
Wash Primer (b) | Heavy Duty Cutback 
Red Pb Epoxy Heavy Duty Cutback 
Red Pb Epoxy | Heavy Duty Cutback 
Phenolic Heavy Duty Cutback 
Same As Barrier | Heavy Duty Cutback 


Tar Cutback 
V 


None Moderate Duty Cut- 
back 
Moderate Duty Cut- 
back 
Moderate Duty Cut- 
back 
| Tar Emulsion 


Same As Barrier 


Red Pb Epoxy 


| 
| 
| 
| 
| 
None | Heavy Duty Cutback 
| 
| 
| 


Red Pb Epoxy 





* All topcoats were emulsions. 
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Abstract 


Discusses necessity of specifying non-bitumi- 
nous inhibitory pigmented primers for all 
applications of coal tar protective coating 
systems. Describes tests in which selected 
primers and coal tar coatings were applied 
to coke plant areas subject to high atmos- 
pheric corrosivity. All systems applied to 
wire-brushed surfaces, primed or unprimed, 
failed within one year. The same systems on 
sandblasted surfaces, with and without prim- 
ers, are still in satisfactory condition after 
five years’ exposure in the same environ- 
ment. 

Coated panels have been exposed for 
about four years at Ingleside, Texas, Kure 
Beach, N. C., and Kearny, N. J. Contrary 
to expectation, some coatings are weathering 
faster at Ingleside than at Kearny. Some 
non-bituminous systems which have already 
failed in Texas are still in satisfactory con- 
dition in New Jersey. Results to date con- 
firm the advisability of specifying coal tar 
pitch emulsion as the best top coat for coal 
tar protective coating systems subject to at- 
mospheric exposure. 5.4. 


considered as typical of an old rusted 
surface after power wire-brushing. 
Fourteen coating systems were applied 
in duplicate; each duplicate coated sec- 
tion was located 180 degrees around the 
tank perimeter from the partner system. 
Panels were numbered 1 through 28 
around the tank; Areas 15 through 28 
were duplicates of Areas | through 14. 


Figure 1—Tight bond of coating to metal and jack of 
rusting in Section 1 of actifier tower. See Table 1 for 
coating used. 


Figure 2—Lug bolt assembly at bottom of actifier 
tower Section 27 suffered loss of adhesion and edge 
corrosion. See Table 1 for coating used. 
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Figure 3—Loss of adhesion on manhole cover after 
one year’s service in Section 28 of actifier tower. See 
Table 1 for coating used. 


Each section boundary was marked at 
the tank bottom by a small piece of 
angle iron welded to the tank and at the 
top by notches cut into the bottom 6-inch 
reinforcing ring. Both the areas com- 
prising the underside of the reinforcing 
ring and the 6-inch tower base flange 
were coated as part of the test areas. 
All coatings were brush-applied to the 
test panels except for the top coat of 
Class 4 Pitch Emulsion, which was spray- 
applied at the same time on all test 
panels. 

The upper 12-feet, 9-inches of the 
side and the top of the tower were spray- 
coated separately after having been sand- 
blasted. 

Various combinations used on the dif- 
ferent test sections are presented in con- 
densed form in Table 1. These protective 
coating systems were applied as described 
above during April, 1953. 

The coating systems were inspected 
semi-annually. Besides visual observa- 
tion, incisions to bare metal were made 
in the coatings to determine whether 
any rusting had occurred and to learn if 


TABLE 2——-Oxide Box Tops 


Sections | Barrier Coat* 
| WP-1 Tar Emulsion 
2 bs Cutback Tar Emulsion 
d NP-1 | Moderate Duty Cut- 


Primer Type 











back 
4 Wash Primer (a) | Heavy Duty Cutback 
5 Wash Primer (b) | Heavy Duty Cutback 
6 WP-1 Heavy Duty Cutback 
7 Red Pb Epoxy Heavy Duty Cutback 
8 Phenolic | Heavy Duty Cutback 
9 | None Moderate Duty Cut- 
| back 
10 | None Heavy Duty Cutback 
11 | Red Pb Epoxy Moderate Duty Cut- 
| back 
12 Red Pb Epoxy | Tar Emulsion 


| 
| 


l 


* All topcoats were emulsions. 
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Figure 4—Manhole cover shown in Figure 3 after re- 

coating. Edge failures were wire-brushed, primed with 

a cut back coal tar primer and re- -coated with two 
applications of pitch emulsion. 


the coating-to-metal bond was still satis- 
factory. In June of 1958, none of the 
systems on the actifier tower showed any 
signs of failure, except on a few edge 
areas described below. 

Figure 1 shows the tight bond and lack 
of rusting in Section 1. Similar excellent 
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Figure 5—Coating failure on oxide box. 


performance was found on Section 25 
which had no primer and Section 27 
which had a red lead epoxy primer. 
However, a lug, bolt and nut assembly 
near the bottom of Section 27 (Figure 2) 
showed definite loss of coating adhesion 
and edge corrosion after one year’s ex- 
posure despite the original application 
of red lead epoxy primer. A similar con- 
dition (Figure 3) was found after one 
year on the edges of - manhole cover at 
the foot of Section 28, which also had 
been originally primed with a recom- 
mended red lead epoxy. In 1956, these 
edge failures were repaired by hand 
wire-brushing to remove lose coating, 
hand primed with a cut back coal tar 
primer and then recoated with two ap- 
plications of pitch emulsion. Since this 
treatment, no further evidence of corro- 
sion has been seen. Figure 4 shows the 
recoated manhole cover, two years later. 


Oxide Box Tops 


Near the actifier tower and thus sub- 
jected to the same extremely corrosive 
atmosphere, two oxide box tops were 
selected as suitable areas for additional 


TABLE dhacrticutrestsined Panel Tests 


Panel | Primer ’ Barrier Coat | Class 6 | Top Coat Class 
_ 1A, B | None | Light Duty 1 | Light Duty 1 
; 2A, B 3 | ‘None ; | Tight Duty Thin “| 5 Light Duty Pov | e3 5 
“3A, B | None | Heavy Duty 3 Heavy Duty * 3 
ay B None e envy Duty ts 3 Pitch Binnutaicn aly 4 
Soa B | None | Modesate Duty 2 | Moderate Duty yy 2 ’ 
10A, B | None | Moderate Duty a 2 Pitch anitsion abe as 
13A, B | Tar Cutback | Pitch Emulsion " | 4 | ‘Pitch | Emulsion 4 
14A, B | Tar Cutback | Pitch Emulsion a t Epoxy Seal ~ White ' 
| Paint 
19A, B | Enamel Primer Pl asticized Ename 12 122 | Pitch Emulsion eae ’ 
20A, B "Enamel Prime °r Semi- Plastic sized Enamel? ; 92 a “Pitch Emulsion we 4 
21A, B i Enamel Primer U npl asticized En namel? ; | 52 | ‘Pitch Emulsion i 4 
22 A, B | Red Lead Alkyd | Pitch Emulsion aie | 4 Pitch Emulsion “<3 


Pitch Emulsion 


36A, B | WP-1 
Vinyl 


37: A,B Vinyl 

39A, B | Red Lead Alkyd | Red Lead Alkyd 
40A, B | Red Lead Phenolic | Red Lead Phenolic 
41A, B | Red Lead Linseed | Red Lead linseed 
42A, B Neoprene Neoprene 

43A, B | WP-1 | Black 

44A, B | WP-1 | Special Primer 





Pitch Emulsion 4 


| 4 
(Proprie- | Vinyl (Proprie- 
tary) tary) 


(Proprie- | Proprietary 








tary) 
(Proprie- | Proprietary 
tary) | 
— _ - ——— { - 
(Proprie- | Proprietary 
tary) 
Neoprene (Proprie- 
tary) 
—| —__—— 
| (Proprie- | 2 Coats, Bk ack (Proprie- 
tary) | tary) 
ci (Beborie » 12 Conte: Blac ke (Proprie- 
| tary) | tary) 
L 








Januar 


compa 
sented 
to 12 

box tc 
blasted 
wire-b 
an ide 
by the 
ear, 

a h 
failure 


The 
tory ¢ 
top aft 

Prin 
the be 
this e 

Top 
remov: 
to rep 
these 
variou 
top he 
system 
eviden 
years 
sandbl 


/ 


To 
panels 
with n 
ing sy 
cation 
might 

Stec 
by 12 
sides ¢ 
of all 
tar cu 
pitch 
surfac 
systen 
tion, | 
one d 
“bh” Pp 

On 
posed 
adjace 
other 
Beach 
expos 

The 
22, 
Kure 
Kearr 

Son 
ent c 
ferent 
subjec 
from 
wind 
sidere 
phere 

At 
800 f. 
to hig 
trial 
the p: 
water 
intens 
cally 

Sor 
were 
in Ta 
in Ne 
the r 





ion 25 
on 27 
yrimer, 
sembly 
‘ure 2 
|hesion 
r’s ex 
ication 
ir con- 
Pr one 
ver at 
so had 
recom: 
. these 
hand 
Dating, 
val tar 
vO ap- 
‘e this 
corro- 
vs the 
- later, 


s sub- 
"rosive 

were 
itional 





roprie- 
ary) 


‘oprie- 
ary) 


‘oprie- 
ary) 


‘oprie- 
ary) 











comparative testing. The 12 systems pre- 
sented in Table 2 were applied separately 
to 12 horizontal areas on the two oxide 
box tops. One box top was first sand- 
blasted, the other was carefully power 
wire-brushed. Coatings were applied in 
an identical manner to the two box tops 
by the same experienced crew. After one 
year, all systems on the wire brushed 
area had failed. Figure 5 shows a typical 
failure. 

The identical systems were in satisfac- 
tory condition on the sandblasted box 
top after one year. 

Priming or non-priming did not affect 
the behavior of these coal tar systems in 
this extremely corrosive environment. 


Tops of these oxide boxes have to be 
removed as a unit every 18 to 24 months 
to replenish the spent oxide. Even during 
these frequent removals, none of the 
various systems on the sandblasted box 
top has lost adhesion to the metal. All 
systems exhibited satisfactory bond. No 
evidence of corrosion was found five 
years after application on the original 
sandblasted box top. 


Atmospheric Exposure Panels 


To supplement these exposure tests, 
panels coated with the above systems and 
with many other types of protective coat- 
ing systems were exposed in different lo- 
cations where the atmospheric corrosivity 
might exhibit considerable variation. 


Steel panels (0.11 inch thick, 5.5 inches 
by 12 inches) were sandblasted on both 
sides and coated immediately. The backs 
of all panels received one coat of coal 
tar cut back primer and two coats of 
pitch emulsion (Class 4). The exposed 
surface was then coated with one of the 
systems listed in Table 3. For each loca- 
tion, panels were made in duplicate, the 
one designated “a” was scribed, and the 
“b” panel was unscribed. 


One set of duplicate panels was ex- 
posed on a test rack at a tar refinery 
adjacent to the Kearny coke plant. An- 
other set of panels was exposed at Kure 
Beach, North Carolina. A third set was 
exposed on the coast at Ingleside, Texas. 

The panels were exposed on February 
22, 1954, at Ingleside; June 2, 1954, at 
Kure Beach and September 28, 1954, at 
Kearny, New Jersey. 

Some differences in behavior of differ- 
ent coatings were expected at these dif- 
ferent locations. The Kearny panels were 
subjected to some corrosion conditions 
from the coke plant, depending upon 
wind direction and velocity. Th‘s is con- 
sidered to be a marine-industrial atmos- 
phere. 

At Kure Beach, N. C., the racks were 
800 feet from the ocean, with moderate 
to high temperatures and in a non-indus- 
trial atmosphere. At Ingleside, Texas, 
the panels were only a few feet from the 
water, exposed to high temperatures and 
intensive ultra violet radiation periodi- 
cally in a non-industrial atmosphere. 

Some of the results obtained to date 
were not anticipated. The systems listed 
in Table 3 exhibited different behaviors 
in New Jersey and in Texas. Generally, 
the results at Kure Beach were more 
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Figure 6—Test panels exposed four years in Texas and New Jersey. Part A: Condition of light duty coatings 

in tone. Part 8: Same coatings exposed in New Jersey. Parts C (Texas) and D (N.J.) are heavy duty coal tar 

coatings and for pitch emulsion over heavy duty coatings. Parts E (Texas) and F (N.J.) show comparative 

behavior of moderate duty coatings and pitch emulsion over moderate duty coatings. See Table 3 for coatings 
used on each panel. 








Figure 7—Atmospheric panel tests. Part A: Good performance of pitch emulsion over coal tar cut back and 

weathering effect on Texas panels, Part B: Better performance of same coatings in New Jersey exposure. 

Part C: Protection given by plasticized and unplasticized enamels during four-year Texas exposure. Part D: 

Protection of plasticized enamel by pitch emulsion and cracking of hard unplasticized enamel in northern 

exposure. Part E: Good performance of pitch emulsion over red lead alkyd primer in Texas exposure. Part F: 

Cracked unplasticized enamel and excellent condition of pitch emulsion over primer after four-year exposure 
in New Jersey. See Table 3 for coatings used on each panel. 


similar to the results obtained to date 
in New Jersey. 

Inspections were made and_photo- 
graphs taken at Kearny, N. J., in June, 
1958; at Ingleside the photographs were 
taken in August, 1958. 

Figure 6a (Texas) illustrates the con- 
dition of light duty coatings in August, 
1958. Incipient failure had been observed 
within 3 years. Figure 6b shows the fairly 
good condition of the same coatings in 
Kearny in June, 1958. 

Figures 6c and 6d show results in 
Texas and in New Jersey for heavy 
duty coal tar coatings and for pitch 
emulsion over a heavy duty coating. In 
both locations the panels were in good 
condition, but the Texas coatings ap- 





peared to be surface weathering off faster 
than in New Jersey. 

Similarly, Figures 6e (Texas) and 6f 
(N. J.) show the comparative behavior 
of moderate duty coatings and pitch 
emulsion over moderate duty coating. 

Figure 7a (Texas) illustrates the good 
performance of pitch emulsion over a coal 
tar cut back and the weathering away 
of a white paint top coat applied to half 
a panel which had first received an epoxy 
sealer over the pitch emulsion coating. 
Figure 7b shows how much better the 
paint top coat is standing up in a north- 
ern climate. 

Figure 7c shows the protection given 
to plasticized and unplasticized enamels? 
by a top coat of pitch emulsion, during 
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Figure 8—Comparative panel exposures. Part A: Good performance of pitch emulsion over wash primer and 

early failure of vinyl paint system in Texas exposure. Part B: Excellent condition of same two systems in 

New Jersey exposure. Part C (Texas) and Part D (New Jersey) show contrast of red lead alkyd system and red 

lead phenolic system. Part E shows condition of red lead linseed oil system a neoprene base paint which 

failed in Texas. Part F shows two other non-bituminous systems which failed early in Texas. See Table 3 for 
coatings used on each panel. 


four years exposure in Texas. Figure 7d 
demonstrates that pitch emulsion protects 
plasticized enamel, but cannot prevent 
the cracking of hard unplasticized enamel 
im the North. Panels 21a and b both 
cracked severely in New Jersey during 
the first winter of exposure as expected. 

Figure 7e (Texas) shows the good per- 
formance of pitch emulsion over a red 
lead alkyd primer (left). Figure 7f shows 
the above mentioned cracked unplasti- 
cized enamel, and the excellent condition 
of pitch emulsion over the same red lead 
alkyd primer after almost 4 years of 
exposure in New Jersey. 

Figure 8a shows the good performance 
of pitch emulsion over wash primer and 
the early failure of a proprietary vinyl 
paint system in Texas. Figure 8b shows 
the excellent condition of the same two 
systems in New Jersey. 

Another contrast can be seen in Figures 
8c and 8d. A red lead alkyd system and 
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a red lead phenolic system, both with 
the same grey paint top coat, showed 
much less resistance to weathering in 
Texas than they are doing in New Jersey. 
Figure 8e shows the condition of a red 
lead linseed oil system with a grey paint 
top coat and a proprietary neoprene base 
paint which is failing badly with perfora- 
tions in Texas. Duplicate panels are still 
in perfect condition at Kearny. 

Figure 8f shows two other non-bitu- 
minous systems, both black pigmented 
materials over wash primer WP-1, ex- 
hibiting early failures in Texas. Dupli- 
cate panels, protected with the same 
commercially available compositions, are 
still exhibiting good resistance to the 
Kearny atmosphere. 


Summary 


Large scale test applications of various 
coal tar coating systems in a severely 
corrosive atmosphere demonstrate con- 
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clusively that good surface treatment 
such as by sandblasting is of utmost im- 
portance. 

Used in combination with cold ap. 
plied coal tar protective coating systems, 
pigmented inhibitory non-bituminous 
primers did not prevent failure in one 
year on power wire-brushed surfaces. 
The same systems, with and _ without 
primers, on sandblasted surfaces, are still 
in satisfactory condition after five years 
exposure in a coke plant. It is not known 
whether the primers may _ ultimately 
contribute sufficiently to longer service 
life of these systems to be of economic 
value. 

Atmospheric exposure tests of coated 
panels are being conducted at Ingleside, 
‘Texas, Kure Beach, N. C., and Kearny, 
N. J., through facilities provided by Sun 
Pipe Line Co., International Nickel Co., 
and Koppers Co., respectively. 

After four years’ exposure, earlier 
recommendations are confined to specify 
coal tar pitch emulsion as top coat for 
coal tar systems exposed to atmospheric 
corrosion. Also it appears that certain 
non-bituminous coating systems will fail 
rapidly at the Gulf location but will be 
satisfactory over the same period of ex- 
posure in a northern marine-industrial 
environment. Heavy duty coal tar sys- 
tems are satisfactory at Ingleside after 
four years’ exposure but are showing 
faster surface weathering of the top coat- 
ing than is occurring in New Jersey in 
approximately the same length of time 
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Chemical Cleaning of Equipment 
In Refineries and Petrochemical Plants* 


By LAMBERT N. KLINGE and JOHAN SELMAN 


Introduction 

OR CLEANING equipment in re- 

fineries and petrochemical plants, 
traditional mechanical methods gradually 
are being replaced by methods involving 
the use of chemicals. Chemical methods 
display the following advantages: 

1. Chemical cleaning often can be 
done without dismantling the equipment, 
thus greatly reducing downtime and 
labor. This advantage is particularly ap- 
parent in cleaning columns and tubular 
goods. 

2. Chemical cleaning is more thorough, 
reaching places which cannot be cleaned 
mechanically. 

3. Chemical cleaning is more uniform, 
so that, in general, no particles of a de- 
posit are left to form a nucleus for ac- 
cumulation of new deposits. 

4, Chemical cleaning avoids mechani- 
cal damage of metal surfaces, such as 
formation of sharp edges which can pro- 
mote corrosion and formation of de- 
posits. 

In the United States, contractors have 
developed their own methods for chemi- 
cal cleaning and can be called in to do 
cleaning jobs in refineries and_petro- 
chemical plants. In Europe, only a few 
firms specialize in this field; consequently, 
most companies with cleaning problems 
must develop their own techniques. 

This article describes chemical clean- 
ing as used in the Royal Dutch/Shell 
Group, the methods used being based on 
experience gained in refineries and plants 
belonging to this Group. The steps to be 
taken in chemical cleaning will be con- 
sidered in some detail. Practical ex- 
amples of cleaning refinery equipment 
will be given. Finally, the auxiliary 
equipment used in these operations will 
be described. 


Sampling and Analysis of Deposits 


_ In order to obtain data on the solubil- 
ity of the deposit to be removed, samples 
are taken and examined in the labora- 
tory. When a plant is shut down for 
clean-out and overhaul, there is often no 
time or opportunity to carry out com- 
plete analyses of deposits. It is therefore 
desirable to have available beforehand 
as many data as possible. By taking 
samples of deposits from each piece of 
equipment every time it is opened, and 
y having these samples examined in the 
laboratory, the necessary data will be 
obtained so that they are available when 


chemical cleaning starts. In the same 
a § 


& Submitted for publication February 9, 1959. A 
aper presented at the 15th Annual Conference, 


National Association of Corrosion Engineers, 
March 16-20, 1959, Chicago, III. 


way data can be collected on the be- 
havior of construction materials in the 
presence of cleaning agents. 

When samples are taken the following 
must be kept in mind: 

1. The sample must be representative 
of the fouling as a whole, which means 
that it has to be taken at various places 
and over the full depth of the deposit 
layer down to the bare metal. 


2. When submitted to the laboratory, 
the sample must be accompanied by the 
necessary data: date, department, plant, 
equipment, material(s) of the equip- 
ment, number of the equipment, location 
where sample was taken, working tem- 
perature in the equipment, medium, and 
estimation of nature and degree of foul- 
ing. 

Also the kind of examination required 
should be clearly stated, possibilities 
being complete analysis, determination 
of certain components, determination of 
solubility, etc. Sometimes advice is asked 
on the method of chemical cleaning to 
be applied. 

The following method can be used for 
the laboratory investigation: 

1. One hundred to three hundred 
grams of the sample are placed in a 20- 
mesh ‘stainless steel basket and the tare 
weight is noted. 

2. The basket is immersed in a suit- 
able chemical cleaning solution at 30 to 
40 C (85 to 105 F). 

3. Sample is immersed in the test 
solution until definite conclusions can be 
drawn, with a minimum of one hour. 
Rates of reaction and decomposition 
should be observed periodically by re- 
moving the sample basket from the solu- 
tion. 


4. Upon completion of the immersion 
test, the sample is rinsed with hot or 
cold water for two minutes. 


5. Sample is dried in an oven and 
weight loss is determined. Value ob- 
tained is an indication of the cleaning 
efficiency to be expected. 

6. When it is evident or suspected that 
deposits have a high carbon content, a 
total destruction test is conducted by 
heating the dried sample in a crucible 
to 540 to 650 C (1000 to 1200 F). 

From the results of this test, efficiency 
of the cleaning procedure can be estab- 
lished. However, the cleaning efficiency 
in actual practice may be higher due to 
agitation of the cleaning solution caused 
by high volume pumping. This leads to 
physical removal of the undissolved 
solids. 
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Abstract 


Discusses advantages of chemical cleaning 
in refineries and petrochemical plants over 
mechanical methods. Describes steps neces- 
sary in analyzing deposits to be removed, 
chemical agents used in cleaning, effects of 
these agents on construction materials and 
cleaning of equipment in situ. Includes clean- 
ing of columns, coolers, condensers, heat 
exchangers, boilers and drums. Also in- 
cludes discussion of potential corrosion dif- 
ficulties encountered in chemical cleaning. 
Describes auxiliary equipment needed. 
Bibliography of 258 items on_ chemical 
cleaning and related subjects is given. 5.9.2 
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The circulation time of the cleaning 
solution is established by using “experi- 
ence factors.” For heat exchangers this 
factor is approximately five; for frac- 
tionating columns the factor is about 
nine, taking as a basis the cleaning time 
found in the laboratory. 

Results of the laboratory examination 
can be summarized as showing (1) 
whether or not the deposit can be re- 
moved by chemical cleaning, (2) to what 
extent the removal will take place, (3) 
what type of cleaning agent is to be used, 
and (4) under what circumstanees chem- 
ical cleaning can best be carried out. 

Also, data obtained may indicate to 
what extent the formation of deposits 
can be reduced or prevented during 
future runs of the plant. 

Identification of deposits by X-ray dif- 
fraction methods has found wide applica- 
tion in chemical cleaning practice. 

Materials used in construction of the 
equipment to be cleaned determine and 
limit the choice of cleaning agents and 
the way in which these agents can be 
applied. 

Because chemical cleaning can cause 
some corrosion of equipment, it is neces- 
sary to follow the adviee of the corrosion 
engineer. Complete examination ef the 
deposits should be made in consultation 
with the corrosion engineer. Further- 
more, it is desirable that a special or- 
ganization be set up to plan and carry 
out all chemical cleaning operations. 


ot 








Types and Nature of Fouling 
Deposits encountered in equipment of 
refineries and petrochemical plants can 
be divided into three main groups: in- 
organic deposits, organic deposits and 
mixtures of inorganic and organic de- 
posits. 


Inorganic Deposits 


Inorganic deposits which may occur in 
cooling water circuits consist of a rela- 
tively small number of chemical com- 
pounds. If, for example, brackish cooling 
water is used in a system composed of 
steel lines, and including a condenser 
consisting of copper alloy tubes and tube 
sheets with cast iron channels, the groups 
of positive and negative ions which may 
be expected in the deposits are shown 
in Tables 1 and 2. A number of these 
compounds are soluble in water; others 
are hardly soluble or completely in- 
soluble. 


Organic Deposits 


Organic deposits found in cooling 
water circuits are formed chiefly by bio- 
logical growth'(mussels, barnacles, algae, 
etc.). In some cases their presence can 
cause difficulties. 

Of greater importance, however, are 
organic deposits encountered in the oil 
stream in cooling circuits, for example 
on the product side of tubulars. The 
number and diversity of these deposits 
are particularly great. Under the influ- 
ence of heat, pressure and other condi- 
tions, a large quantity of compounds can 
be formed, varying from liquids which 
can be evaporated with relative ease to 
highly polymerized materials or decom- 
position products of a coke-like nature. 

Identification of these deposits for the 
purpose of selecting a suitable cleaning 
agent is a laborious task. Cleaning solu- 
tion choice is therefore determined ex- 
perimentally; commonly, heavy duty al- 
kaline materials, used in combination 
with detergents and/or wetting agents, 
are most effective in this application. 


Mixtures of Inorganic and Organic 
Deposits 


In refineries where sour crudes form 
the main base materials, deposits formed 
generally consist of organic compounds 
with inorganic constituents, principally 
iron sulfide, copper sulfide and some 
chlorides. The sulfides are corrosion 
products, formed because construction 
materials of the equipment react with 
hydrogen sulfide and other media con- 
taining sulfur. The chlorides originate 
from attack of the construction materials 
by hydrochloric acid, which in some 
cases is formed during processing. 


TABLE 1—lons Potentially Present in 
Inorganic Deposits 


= 
From 
Construction 
Materials 
Negative ions | Positive ions 
(anions) | 


From Cooling Water 


Positive ions 





(cations) (cations) 
Ca COs, HCOs Fe 
Mg SO4 Cu 
Na Cl Zn 
K Ss 
Fe OH 
Mn silicates 
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Occurrence of fairly large quantities 
of sulfides, chlorides, etc., is no excep- 
tion. In recent investigations 30 to 50 
percent of inorganic material was found 
in mixed organic-inorganic deposits. 


Chemical Cleaning Agents 

In each separate case of chemical 
cleaning, choice of the most efficient 
cleaning agent and of the most favor- 
able working conditions must be estab- 
lished experimentally. The limits set to 
this choice by the nature of the con- 
struction material of the equipment to be 
cleaned have already been mentioned. For 
economic reasons, selection of the most 
suitable cleaning agent is restricted fur- 
ther to a number of compounds which 
are kept in stock. However, these stand- 
ard agents have been selected so that 
the maximum number of deposit types 
can be removed with the aid of the 
minimum number of cleaning agents. 


Cleaning agents which can be con- 
sidered for use are acids, sodium car- 
bonate solutions, mixtures of sodium car- 
bonate and sodium hydroxide solutions, 
hypochlorite solutions, neutralizing-pas- 
sivating solutions, aromatic solvents, al- 
kaline cresol solutions, and MIBC heavy 
ends.) 


Acids 


Sulfuric, nitric, phosphoric and hydro- 
chloric acid are theoretically suitable for 
use in chemical cleaning; however, the 
first three acids have some properties 
which make their use in this application 
less attractive. 

Sulfuric acid is dangerous to handle; 
moreover, on dilution of the acid con- 
siderable heat is released. Finally, the 
acid causes deposition of the insoluble 
calcium sulfate in cases where calcium 
salts are present in the deposits being 
removed. 

Nitric acid is also dangerous to use. 
Furthermore, it gives off poisonous ni- 
trous fumes and is difficult to inhibit. 

Phosphoric acid presents hazards for 
personnel handling the product. This 
expensive acid possesses an undesirable 
property for chemical cleaning in that it 
can form insoluble calcium phosphates. 

Compared to the other three acids, 
hydrochloric acid displays the following 
advantages: less dangerous to use, a cheap 
product, can be diluted easily and with- 
out danger, forms comparatively few 
insoluble salts and can be inhibited ade- 
quately, even at the relatively high tem- 
perature of 60 C (140 F). 

For these reasons, 10 to 20 percent wt 


{) MIBC stands for methyl isobutyl carbinol. 
MIBC heavy ends, a product obtained in sol- 
vent plants, contains 10 percent MIBC, the 
remaining 90 percent being polyvalent alcohols. 


TABLE 2—Compounds Potentially Present 
in Inorganic Deposits 


Elements 


Ca-Mg-Fe-Mn-Cu-Zn 
Ca-Mg-Fe-Mn-Cu-Zn 


Carbonates 
Basic carbonates 


Sulfates . | Ca 

Silicates Ca-Mg-Fe-Mn-Cu-Zn 
Basic chlorides .| Cu 

Sulfides. Fe-Cu-Zn 

Oxides bt Mg-Fe-Mn-Cu-Zn 
Hydroxides Mg-Fe-Mn-Cu-Zn 
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hydrochloric acid is chosen most often 
as the cleaning agent for removing de. 
posits from refinery equipment. A cor. 
rosion inhibitor, and in some cases a 
wetting agent, is added to this acid. 

Corrosion inhibitors have to be evalu. 
ated in the laboratory, using a quick- 
working and simple apparatus which 
gives reproducible results. In this way 
the activity of the inhibitors can be de. 
termined under the circumstances pre. 
vailing during chemical cleaning. 

A suitable inhibitor, when added in 
the usual dosage (from about 0.2 percent 
wt to 2 percent wt on undiluted acid), 
should reduce the corrosion rate to 1 to 
5 percent of the rate caused by the un- 
inhibited acid, when the inhibited acid 
is applied at temperatures below 40 ( 
(104 F), and to | percent or lower when 
the acid is used at temperatures above 
40 C. During chemical cleaning, care § 
must be taken that the maximum allow. 
able operating temperature of the in- 
hibitor is not exceeded. 

To increase the wetting effect, a small 
amount of a detergent can be added to 
hydrochloric acid. However, attention # 
should be given to the compatibility of 
wetting agent and inhibitor, as the 
former may decrease the activity of the 
latter. 

Hydrochloric acid can be used fer 
chemical cleaning until the concentra- 
tion has dropped to 6 percent wt. Then 
the acid is disposed of or brought to 
strength by addition of fresh acid. Iron 
content should never exceed 150 g Fe 
per litre of acid; ferric ion concentra- 
tion should be kept below 0.4 percent wt. 7 

Before chemical cleaning is started, » 
action of the inhibited acid should be — 
checked by means of test strips, the same 
temperature being maintained as will 
prevail during the actual cleaning opera- 
tion. 

When deposits containing sulfides are 
being dealt with, the poisonous gas hy- 
drogen sulfide is formed as soon as the 
sulfides come in contact with hydro- 
chloric acid. Moreover, during cleaning 
work the deposit layer may evolve vol- 
atile hydrocarbons and/or hydrogen, 
which may form an explosive mixture 
with air. Therefore, under all circum- 
stances great care must be taken that 
there is adequate venting during chemi- 
cal cleaning. 

Of the sulfides mentioned in Table 2, 
iron sulfide dissolves most easily; copper 
sulfide most slowly. Calcium. sulfate 
(gypsum) dissolves poorly in hydro- 
chloric acid. When removing deposits 
which contain large quantities of this sul- 
fate (for instance deposits occurring in 
boilers), it is advisable to apply a pre- 
treatment with a hot sodium carbonate 
solution. The deposit becomes soaked 
with this solution so that in the treat- 
ment with hydrochloric acid which fol- 
lows carbon dioxide is evolved, which 
breaks up the calcium sulfate layer. 

Calcium sulfite occurs only sporadi- 
cally in the deposits under considera- 
tion. If this salt is present, the develop- 
ment of sulfur dioxide formed by the 
action of hydrochloric acid may cause 5 
complications. Sulfur dioxide decomposes 
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the usual inhibitors, which can cause 
serious attack of plant equipment. 


Sodium Carbonate Solutions 


Under certain circumstances, use of a 
soda solution is required as a pre-treat- 
ment for further cleaning operations. In 
most cases for this purpose a 15 percent 
wt sodium carbonate solution is used to 
which a detergent has been added to 
increase the wetting power. The tempera- 
ture is not to exceed 90 C (195 F). 


Sodium Carbonate and Sodium 

Hydroxide Solutions 

Under certain conditions, when the 
deposit to be removed contains more 
than 20 percent silicic acid or more than 
60 percent calcium sulfate, a solution 
containing 50 percent wt sodium car- 
bonate (soda) and 5 percent wt sodium 
hydroxide (caustic soda) is applied in- 
stead of the usual soda solution. In this 
case, too, the temperature should not be 
above 90 C. 


Hypochlorite Solutions 

Very good results have been obtained 
in cleaning the product side of heat ex- 
changers (containing aluminum brass 
tubes) with an aqueous solution of so- 
dium or potassium hypochlorite. The 
solution used contained 2 to 5 gram-ions 
of hypochlorite and 1 to 4 grams of 
sodium hydroxide per litre. The best tem- 
perature range for this type of cleaning 
operation is 40 to 65 C (105 to 150 F). 
The cleaning step is followed by water 
washing, a treatment with 5 percent wt 
inhibited hydrochloric acid and finally a 
second water wash. 


Neutralizing-Passivating Solutions 

After every cleaning operation involv- 
ing the use of hydrochloric acid, the last 
traces of acid should be neutralized by a 
suitable neutralizing-passivating agent, 
for instance a trisodium phosphate /borax 
or caustic soda) mixture. 


Aromatic Solvents 

Aromatic solvents possess a high sol- 
vent power for high molecular hydro- 
carbons, even when these compounds are 
mixed with asphaltenes. Two aromatic 
solvents which are often used for chemi- 
cal cleaning are an Edeleanu extract with 
a boiling range of 110 to 160 C (230 to 
320 F) and a gasoline fraction boiling 
from 100 to 160 C (212 to 320 F), ob- 
tained by distillation of an Edeleanu ex- 
tract phase. 


Alkaline Cresol Solutions 

For deposits in which polymerized fur- 
fural derivatives are present, a solvent 
of the following composition can be suc- 
cessfully applied: 64 percent wt water, 
15 percent wt industrial cresol, 20 per- 
cent wt sodium hydroxide, and 1 per- 
cent wt of an alkyl sulfate type deter- 
gent. 


MIBC Heavy Ends 


For deposits containing acid tar, MIBC 
heavy ends form a solvent of high clean- 
ing power. 

With the cleaning agents given above, 
used alone or in combination, the normal 
cases of deposit removal can be handled. 
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Figure 1—Standard line-up for cleaning refinery columns. 
TABLE 3—Cleaning Agents and Construction Materials 
| Cast | Copper | Stainless | Aluminum | Galvanized 
| Steel | Iron | Alloys Steel Alloys | Material 

A. Inhibited hydrochloric acid! 0 0 0 0? x x 
B. Sodium carbonate solutions 0 0 0 0 x x 
C. Mixtures of soda and caustic soda 

solutions 0 0 0 ) x x 
D. Hypochlorite solutions! 0 0 0 0 x x 
E. Neutralizing-passivating solutions 0 0 0 0 x x 
F. Aromatic solvents 0 0 0 0 0 0 
G. Alkaline cresol solutions’ 0 0 0 0 x ‘ 
H. MIBC Heavy Ends 0 0 0 0 0 0 

0 = No objection. 

x = Use prohibited. 


__' Temperature not to exceed 60 C 
hibitors. 


140 F); lower maximum temperatures are required for certain in- 


212%-14% chrome steel is liable to attack but the degree of corrosion is usually acceptable; preferably 
test strips should be exposed to the inhibited cleaning agent in the laboratory, to determine the effect of the 


inhibitor 


4 Maximum contact time two hours. 


These agents should always be kept in 
stock. Also, it is desirable to have some 
extra storage available for mixing pur- 
poses, etc. 


Effects of Cleaning Agents on 
Construction Materials 
Table 3 shows which cleaning agents 
may be used for cleaning the common 
construction materials, applying a con- 
tact time of 24 hours. 


Choice of Cleaning Method 
Whether cleaning should be carried 
out in situ or in a central clean-out place 
depends on various factors. Cleaning in 
situ has the advantage that it is un- 
necessary to dismantle equipment to be 
cleaned. As the cleaning method is simple 


see section on ‘‘Potential Corrosion Difficulties” 
3 In general, the temperature must not exceed 90 C 


195 F). 


and quick, it can be done with a mini- 
mum of time and labor and at 
minimum cost. These advantages become 
especially obvious in the cleaning of col- 
umns, bundles with fixed tube sheets and 
boilers. Jn situ cleaning is to be pre- 
ferred when the deposits are reasonably 
soluble in one of the standard cleaning 
agents mentioned above, or possibly in 
a combination of two agents of different 
type. The latter case occurs, for instance, 
when a deposit consisting of heavy oil 
fractions containing inorganic material 
has to be removed. This can be done 
by combining the effects of a solvent type 
and an acid type cleaning agent. 

If a deposit is difficult to dissolve or 
if the equipment to be cleaned has to 
be dismantled for some reason (for ex- 
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ample, removal of a tube bundle for 
inspection), this may justify cleaning in 
a central clean-out place where cleaning 
of small equipment often can be carried 
out mere efficiently tham in the plant, a 
number of baths containing different 
cleaning solutions being available. 

Parts which can only be imperfectly 
cleaned in the plant or which may be 
damaged by cleaning, and parts of which 
the cleaning may be dangereus to per- 
sonnel, also can best be handled in a 
central clean-out place. 

Because in some refineries installation 
and use of such a clean-out place are 
still in the development stage, this article 
deals only with chemical cleaning in situ. 


Cleaning of Equipment in Situ 

It is assumed that the plant designers 
have taken into consideration the pos- 
sibility of cleaning equipment by chemi- 
cal methods, not only by providing 
adequate drainage systems but also by 
avoiding as far as possible pockets where 
liquids may become trapped. 

The necessary nozzles for connecting 
pipelines and auxiliary equipment for 
chemical cleaning should be provided 
during the plant construction stage, so 
that actual connections for cleaning pur- 
poses can be made rapidly. 

Special care should be taken of poison- 
ous or explosive gases which can evolve 
during cleaning; ample ventilation must 
be provided and the gases vented to the 
flare. 


Cleaning of Columns 


The material required for cleaning 
columns should be on the spot and ar- 
ranged in standard line-up before the 
plant or unit goes down. This standard 
line-up is shown in Figure 1. 

After the column to be cleaned has 
been steamed out and flushed with water, 
it is placed at the disposal of the clean- 
out personnel. If necessary, the column 
is opened at a few places where deposits 
usually accumulate, such as the top feed 
inlet and the bottom trays, to obtain an 
estimate of the degree of fouling. 

Hydrochloric acid of 30 to 35 percent 
wt concentration is supplied in transport- 
able tanks; in storage and transport, good 
results have been obtained with rubber- 
lined tanks. Circulation of the cleaning 
agent takes place via the normal liquid 
route over the trays from top to bottom 
by means of the circulation pump. 

It is recommended that the reboilers 
should not be included in the acid cir- 
cuit. These should be cleaned separately; 
otherwise they can become clogged. 

All lines not used during cleaning are 
blinded off. Instrument lines, level indi- 
cators, valves with highly finished sur- 
faces, etc., are disconnected, the line 
entries into the column being plugged. 
Furthermore, it is essential that foolproof 
precautions be taken to prevent any leak- 
age of foreign matter into refinery water 
systems. Finally, the column is connected 
to the standard line-up, after which 
cleaning can start. 

A practical example of a column clean- 
out is given below. The column to be 
cleaned was 64Y2 feet high, had a diam- 
eter of 13% feet and contained 16 trays. 
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1. Introducing water into the column: 
1 to 2 hours. This is done over the top 
via a water meter. The quantity intro- 
duced is such that a sufficiently high 
level at the bottom of the column is 
obtained. 


2. Testing the line-up for leaks: ¥/2 
hour. Water is circulated to check the 
pumps and the rest of the line-up for 
leaks. 


3. Introducing hydrochloric acid: 4 
hours. Acid is delivered to the column 
from transportable tanks by means of 
air pressure. The time required for emp- 
tying one tank (contents 525 U.S. gal- 
lons) is about one hour. On average, four 
skid tanks of inhibited hydrochleric acid 


are required per column. 


4. Circulation of 15 percent wt inhi- 
bited hydrochloric acid: 8 hours. After 
circulation has started, the temperature 
is raised with live steam to max. 60 C 
(140 F) and definitely not higher, as 
otherwise there is the danger that the 
inhibitor decomposes. At intervals a sam- 
ple of the circulating liquid is taken; 
analyses of these samples make it possi- 
ble to supervise the progress of cleaning. 


After the hydrochloric acid concentra- 
tion of the liquid has fallen to 6 percent 
wt, concentrated inhibited hydrochloric 
acid is injected again until the strength 
of the circulating acid is about 8 percent 
wt. Then a check is made to see whether 
acid concentration decreases further or 
remains constant. In the first case, acid is 
once again injected, and this process is 
repeated until the hydrochloric acid and 
iron contents remain constant. As soon as 
this point has been reached, circulation 
of the acid is stopped. 


5. Draining and flushing: 7 to 9 hours. 
After the cleaning acid has been run off, 
the column is flushed with water for 6 
to 8 hours. Water must be injected at 
high pressure, for instance via the fire 
fighting system of the refinery. Flushing 
water is drained off and neutralized with 
caustic soda. After flushing has been 
completed, steam is led into the column. 


6. Neutralization: 2 to 3 hours. The 
required amount of water is introduced 
into the column after passing through a 
water meter. Then a 25 percent caustic 
soda solution is led into the column until 
the liquid in the column has an alka- 
linity of 1 to 2 percent wt. The diluted 
caustic soda solution is circulated for 
one hour. 


7. Draining and flushing: 3 hours. The 
whole system, including the circulation 
pump, is flushed with water. If the col- 
umn has to be opened afterwards for 
inspection, repair, etc., phases 8 and 9 
also must be performed. 


8. Steaming out: 4 hours. 


9. Testing column for gas; opening of 
column: 3 hours. 


Total time for this column clean-out 
was 35 hours. 

If deposits in the column are pre- 
dominantly organic a suitable solvent 


must be circulated before the work de. 
scribed above can start. 

In some refineries, removal of organic 
deposits from certain columns and heat 
exchangers is achieved by flushing with 
gas oil at about 200 C (390 F). The cir. 
culating gas oil is led through a furnace 
in order to keep the temperature at the 
required level. After the gas oil has cir. 
culated for some hours, columns and 
heat exchangers under consideration are 
reflushed with hot water. 

Flushing with gas oil usually removes 
organic deposits. If not, the solvent to 
be used must be determined experimen. 
tally. 

Sometimes distillation columns are 
prepared for cleaning as follows: prior 
to shut-down, feed to the column is de. 
creased for four hours while the column 
temperatures also are reduced. Conse. 
quently, the bottom section of the column 
is flushed with light products so that the 
heavier materials present on the column 
wall and trays are washed down. 


Cleaning of Coolers, Condensers and 
Heat Exchangers 


To ensure that the chemical cleaning 
of tube bundles can be done successfully, 
care must be taken that these bundles 
do not become too badly fouled, particu- 
larly when cleaning must be done’ at the 
tube side. 

In those cases where the deposit which 
has settled in coolers, condensers and 
heat exchangers proves to be soluble, it 
can be removed by circulating a cleaning 
agent. Line-up for such cases is shown 
in Figure 2. The shell side of ceelers, 
condensers and heat exchangers can be 
connected to the standard line-up. This 
must be done in such a way that no air 
pockets are present in the equipment. 
The liquid stream should therefore flow 
upwards. 

The cleaning system can be connected 
to the equipment to be cleaned by re- 
moving bends and by incorporating 
equipment in the line-up by means of 
reducers. Connections can also be made 
to nozzles fitted for that purpose on the 
inlet and outlet of the cooler, condenser 
or heat exchanger. In the latter case 
blind flanges should be placed between 
the nozzles and the inlet and outlet 
valves. All other connections on the 
equipment should be blinded. 

Both shell side and tube side of coolers, 


condensers and heat exchangers can be } 


treated with a cleaning agent. A circula- 
tion pump is used which pumps the 
cleaning agent out of a storage tank and 
via the shell side or the tube side back 
into this tank. 

The cleaning agent is prepared before- 
hand in the tank, the quantity required 
being calculated from the dimensions of 
the equipment to be cleaned. Tempera- 
ture of the cleaning agent, and also of the 
flushing water which is used after the 
acid treatment, can be raised by steam. 
Once the cleaning solution is ready, cit- 
culation can begin, during which—if re- 
quired—the cleaning agent can be agi 
tated by air or, preferably, an inert gas 
(see Figure 2). 

Coolers, condensers or heat exchangers 
are flushed with water after the cleaning 
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agent has circulated for a sufficient time. 
The fire-fighting line of the refinery 
again can be used for this purpose with 
the advantage that the flushing water is 
injected at high pressure. Flushing water 
is collected in the circulation tank, where 
4 caustic soda solution is added to neu- 
tralize the acid flushing water which is 
then removed via the drains. 

After flushing, a 1 to 2 percent wt 
caustic soda solution, prepared in the cir- 
culation tank, is led through the equip- 
ment, Next, the equipment is reflushed 
with water. 

In a special method for cleaning bun- 
dles at the shell side, a cleaning agent 
in the form of a mist is introduced into 
the equipment. This method has been 
used successfully on several steam re- 
boilers of alkylation units in which— 
because of a mishap in operation—fuel 
was deposited on the tubes at the shell 
side. A unit shutdown was avoided by 
injecting a gasoline fraction 100 to 160 C 
(212 to 320 F) into the steam, running 
off the condensate via the drains. In this 
way a thorough clean-out was obtained 
and the unit did not have to go down, 
even for a short period. The same 
method also has been applied to steam 
condensers with fixed tube sheets and to 
reboilers in a gas separation unit. 


Cleaning of Boilers 

Boilers also can be cleaned by means 
of chemicals; the method to be followed 
depends on the type of scale present in 
the boiler. In most cases, boiler scale can 
be removed with inhibited hydrochloric 
acid. However, difficulties arise when 
more than 20 percent silicic acid or more 
than 60 percent calcium sulfate is present 
in the scale. In these circumstances a 
mixed alkaline cleaning solution contain- 
ing sodium carbonate and sodium hydrox- 
ide should be used. It must be kept at 90 
C (195 F) for 24 hours at atmospheric 
pressure in the equipment to be cleaned.) 
If necessary, this operation is followed 
by cleaning with acid. 

For acid treatment, a 10 to 15 percent 
wt inhibited hydrochloric acid solution 
can be applied. During cleaning the tem- 
perature is gradually raised, the maxi- 
mum temperature being dependent on 
the type of inhibitor used. The acid solu- 
tion is circulated to promote dissolving 
of the scale. Time required for acid 
cleaning depends on the thickness of the 
scale layer; usually it takes some hours. 

Because hydrogen is produced during 
this cleaning procedure, an open flame 
must not be used near the boiler. 

After acid cleaning, the boiler is 
drained, washed three times with a neu- 
tralizing-passivating solution and flushed 
with fresh water. Finally the boiler is 
washed out with an alkaline solution con- 
sisting of condensate or boiler feed water 
to which 20 to 30 g of sodium carbonate 
per litre has been added. 

If a boiler is also fouled with oil, the 
heat transfer may be considerably re- 
duced. In such cases, cleaning can be ef- 
fected by filling the boiler with a highly 
alkaline soap solution, for instance 30 


_— 


. In practice, the alkaline solution sometimes 
is kept boiling. It should be noted that this may 
ad to stress corrosion. 
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Figure 2—Standard line-up for cleaning heat exchangers. 


percent wt yellow soap, 50 percent wt 
trisodium phosphate, 10 percent wt 
borax and 10 percent wt sodium hydrox- 
ide as a 10 percent solution in water. 
This solution is boiled for about 24 hours 
at atmospheric pressure; then the boiler 
is drained and flushed with water. This 
method removes practically all the de- 
posited oil. Afterwards the layer of scale 
can be removed by chemical cleaning. 


Cleaning of Drums 


Experience has shown that the follow- 
ing procedure for cleaning drums is most 
satisfactory. 

1. Steaming out: The drum to be 
cleaned is steamed to remove the last 
traces of oil and to ensure good results 
during the next step. 

2. Pickling: Pickling is carried out for 
a few minutes, using 15 percent wt hy- 
drochloric acid to which an inhibitor and 
a wetting agent have been added. The 
drum being treated is partly filled with 
the pickling agent, closed and rotated 
through its longitudinal axis. 


The hydrochloric acid concentration 
of the pickling solution must be checked 
periodically. If this concentration falls 
below 10 percent wt, concentrated inhi- 
bited hydrochloric acid should be added 
until a concentration of 15 percent wt 
HCI has been reached. 


3. Flushing: After pickling, the drum 
is flushed—again for a few minutes 
with either condensate, drinking water 
or brackish harbor or estuary water. The 
drum must be carefully drained after 
flushing. Instead of water, a spent neu- 
tralizing solution may be used for flushing. 


4. Neutralization: Water remaining in 
the drum after flushing is neutralized for 
three minutes with a 5 percent wt solu- 
tion of a 1:1 mixture of trisodium phos- 
phate and caustic soda. For making this 
solution, soft water (for instance con- 
densate) has to be used; the sodium chlo- 
ride content of the neutralizing solution 
must be regularly checked during use. 

5. Drying: After the neutralization 
step, the drum is dried with hot air for 
a few minutes. The outsides of the drums 
are cleaned by blasting with steel grit. 


Potential Corrosion Difficulties 

In many cases chemical cleaning of 
equipment has given good results, but 
occasionally the effect of this cleaning 
method has been disappointing. An ex- 
ample of a case which offered some cor- 
rosion difficulties because of inadequate 
precautions was the chemical cleaning 
of some columns containing trays which 
are susceptible to plugging unless all lines 
in the stripper system are thoroughly 
clean. In order to achieve this, a chem- 
ical cleaning operation was carried out 
by a contractor. 

The procedure adopted was as follows: 

1) degreasing at 70 C (160 F) by means 
of a 3.5 percent wt sodium carbonate 
solution containing sodium metasilicate as 
a wetting agent (48 hours); (2) flushing 
with cold water (10 hours); (3) acid 
cleaning at 70 C with 6 percent wt hydro- 
chloric acid, containing 0.05 percent wt 
of mono-orthotolyl thiourea as a corrosion 
inhibitor and a wetting agent of the alkyl 
phenol polyglycol ether type (filling 15 
hours, circulation 20 hours, draining 5 
hours); (4) flushing with cold water (10 
hours); and (5) neutralizing with a 2 
percent wt sodium carbonate solution at 
40 to 50 C (104 to 122 F) (10 hours). 

Additional acid had to be added to the 
system to maintain the required acid 
concentration; the actual HCl concentra- 
tion never exceeded 6 percent wt. Con- 
trol of the acid cleaning step was secured 
by measuring the iron content of the acid 
and by estimating the concentration of 
the ferrous amd ferric ions present. 

After the cleaning operation had been 
finished, the columns were found to have 
suffered some damage owing to corrosion. 
The attack oecurred principally on parts 
made from 12 to 14 percent chrome steel, 
especially at places where this steel was 
in contact with large areas of mild steel, 
and only to a small extent on parts made 
from mild steel. 

In order to trace the cause of the 
damage, corrosion tests were conducted 
in the laboratory using, in addition to 


13t 





102 CORROSION 


mono-orthotolyl thiourea, four commer- 
cial corrosion inhibitors and varying the 
temperature and contact time. 

From the results of this laboratory 
check-up, it could be concluded that the 
inhibiting effect of mono-orthotolyl 
thiourea had been insufficient. Further- 
more, at the inhibitor concentration and 
temperature applied during the acid 
cleaning step, none of the compounds 
tested would have given adequate pro- 
tection to the construction materials. 
Finally, results indicated that 12 to 14 
percent chrome steel is more liable to 
attack than mild steel, especially if the 
chrome steel surface is relatively small 
compared with the mild steel surface. 

Even the results of this limited investi- 
gation point to the importance of care- 
fully checking the properties and activ- 
ities of unknown inhibitors before they 
are applied in chemical cleaning oper- 
ations. 

This case is not representative of chem- 
ical cleaning in general, and was chosen 
to stress the necessity of taking adequate 
precautions. 


Auxiliary Equipment 
Line Blinds 

It is important that the blinds (spec- 
tacle or spade type) be stored in a con- 
venient manner and be well maintained. 
For each plant a list of blinds is available. 
If inspection and/or overhaul of a plant 
is to take place, all necessary blinds are 
sorted in storage and made ready for 
use. The clean-out personnel then lays, 
alongside each part of the equipment, 
the required blinds with the correspond- 
ing gaskets. Clean-out personnel also in- 
stall the blinds. 

After the inspection and/or overhaul 
have been completed, blinds are removed 
by the clean-out personnel. The blinds 
are taken to storage, inspected and re- 
turned to their places. 

Supervision of the installation and re- 
moval of the blinds is exercised by plant 
personnel who are responsible for indus- 
trial safety. 


Tanks 


For the transport of hydrochloric acid, 
rubber-lined tanks must be available. Ex- 
perience has shown that for the cleaning 
of columns four tanks, each with a ca- 
pacity of about 525 U.S. gallons, nor- 
mally are required. Figure 3 is a diagram 
of such a tank. In addition to the man- 
hole, a 6-inch nozzle is fitted on the tank; 
the 2-inch dip pipe is made of plastic. 
A 4-inch nozzle at the bottom of the 
tank is connected to an acid resistant 
valve. 

For ease of transportation, tanks can 
be placed on trailers (see Figure 4). 

In addition to the acid storage tank 
and tanks for transportation, a circula- 
tion tank with a capacity of about 1050 
U.S. gallons must be available; this tank 
is not rubber-lined. Furthermore, it is 
often worthwhile making a smaller ves- 
sel, with a capacity of about 300 litres, 
for use in cleaning small parts of plant 
equipment such as cooling water jackets. 

When cleaning agents are used which 
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Figure 3—Tank for transport of hydrochloric acid (500 gallons). 


Figure 4—Tanks for chemical cleaning mounted a for ease of transporting cleaning agents ato 
refinery. 


Figure 5—Pumps for chemical cleaning are mounted on trailer for mobility at a refinery. 


attack the rubber lining of tanks, for ex- 
ample organic solvents, a special tank 
must be available for these products. The 
circulation tank also can be used for this 
purpose. 


Pumps 


Because experience has shown that re- 
ciprocating pumps are unsuitable for 


circulating hydrochloric acid, the use of 
centrifugal pumps is advised. For exam- 
ple: a turbine-driven centrifugal pump 
without a stuffing box, suitable for aif 
or steam at 6 kg/cm2 (85 psa) and 
8 to 10 kg/cm2 (113 to 142 psia) re 
spectively, [he pump should have suf 
ficient delivery head; its capacity should 
be at least 40 m3/hour. The pump must 
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TABLE 4—Hoses Used in Chemical ae Work 


| NUM- |Length,|} Diam. 
TYPE | BER Meter Inch REMARKS 
Suction hose | 2 1 79 . | Acid, alkali and solvent-proof. Max. temp. 70-100 
| (158-212 F). Resistant to wear caused by bumping 


Delivery hose ; ) | -8 Ditto 


Delivery hose é | ; < Ditto. Max. pressu re 10 atm (1 50 psi) 


Water hose. 8 | 2 | Q Max. pressure 6 atm (90 psi) 
Hose for concentrated 
caustic ; : 2 2 | Resistant to caustic of 60° Bé. Max. pressure 6 atm 
(90 psi) 


Hose for concentrate 
Figure 6-—Tool truck used by clean-out personnel in “aa one g ‘ Resistant to 30-35% wt HCl 
chemical cleaning operations at a refinery. | ai es a linen S. - 

Flushing hose 8 2 2% | Max. pressure 3 atm (45 psi). Fitted with a bayonet 
be suitable for working at temperatures | coupling for connection to > fire- fighting line 
2 Z 2 - : 
up to 100 C.(212 F) . voume be ) 2 Max. pressure 10 atm (1 50 | psi) 

Pumps used in cleaning operations can 
be made from high silicon iron alloy, a 
completely acid-resistant brittle mate rial. 


Because of this brittleness, pumps of this C. A. Mann, B. E, Lauer and GC. T. Hultin. W. E. Webb and R. G. Call, Removal of Water- 
> > : o Organic Inhibitors of Corrosion—Aliphatic nsoluble Turbine Deposits by Caustic Washing 
type are armored and must be handled = AuknCs’ Ind. and Eng. Chem., 28, No. 2, 159- Trans. ASME, 65, No. 7, 713-717 (1943) Oct. 
with great care. A supporting frame 163 (1936) Feb. F. N. Alquist, C. H. Groom and G. F. Williams. 
should be used to install the pump, and CA Mann, BE Lauer and Cc. T., Hultin. Che mical Removal of Scale a 
: . : rganic nhibitors o Jorrosion romatic quipment rans. ¢ E, 65, No 722 
all connections to the pump manifold Amines. Ind. and Eng. Chem., 28, No. 9, 1048- _ (abe ) Oct. 
should be made by rubber hoses. The 1051 (1936) Sept. W. Lee and E. C. Hardy. Removing Scale and 
ump is mounted on a trailer as shown — Engineering Bulletin No. 15, published by Michi- sludge by Chemical Treatment. Steel, 113, No. 
P Fy ire 5 gan Department of Health (1939). 18, 106, 120, 122 (1943) Nov. 1. 
—— . ° D. L. Brown, W. E. Briggs and C. E. Coryea. The Cleaning of Oil Tanks and Fuel Oil Pre- 
To be certain that one pump will be Portland it Sau peeer Power, 84, No. 2, _—— yer = “ene Record, 63, 
ready for use in a cleaning operation, 68-70 (80-82) (1940) Feb No. 15, 353 (1944) April 13. 
A 2 wae asl P. E. Fitzgerald, X-ray Method of Identifying R. W. Mitchell. Proper Materials and Methods 
Spare pumps should be ke pt in stoc k. Types of Scale-Forming Deposits. Pet. Engineer, Make a Eleaning Jee ou) Oct. 
11, No. 7, 161-162, 164 (1940) April. Power, » No. 10, 84 (666- ( ) Oct. 
Hoses M. E. Brines. Scale Removal by Chemical ‘— G. F. See. — -_ Conte —_ Scale 
. ae oe state: “andes Bek ten wick Power Plant En 44, No. 5, 47-49 (1940) May. Removed Chemically. Electric Light and Power, 
Table 4 ae . list of hoses which — G. F. Williams, Che emical aman of Scale from 22, No. 10, 56-59 (1944) Oct. 
used for chemical cleaning work at a Compressor Engines. Oil and Gas Jour., 38, No. J. S. Rush and W. S. Jennings. Recent Experience 
large refinery. 51, 44. 35 (1940) May 2. with Chemical Removal of Scale from Condenser 


For each refinery, the number of hoses L. W. Lee. Chemical Removal of Scale from Re- Tubes. Pet. Refiner, 23, No. 12, 97-100 (1944) 
. + ° finery Equipment. Refiner and Natural G pasoline Dec. 
required for chemical cleaning must be Manufacturer, 19, No. 6, 106-108 R. W. Mitchell. Proper Materials and Methods 


determined separately. It has been found (1940) June. Make Power-Plant Cleaning Jobs Easy—Part 2. 


‘ nis ‘ wat . a G. H. Damon. Acid Corrosion of Steel—Effect of Power, 89, No. 3, 74, 75, 170, 172, 174 and 
that once the hoses are available, great Carbon Content on the Corrodibility of Steel - 178 (158, 159, 211b, 211c, 212a, 212b ‘and 212c) 
use is made of them. A sufficient num- Sulphuric Acid. Ind. and Eng. Chem., 33, No. 1, (1945) March. ee 
ber must be ordered because these hoses Bg “— i i acl M.S la. ee is 49 ioe 
° : . : +, Z 3. M. We x 5 - Stee 7 a - £0 : » NO. /; 
are subject to considerable deterioration ‘seeds Belk: was. lies a Gx, Cecsomen 90-92 and 99 (1945) July. 
and must be replaced often for safety Resistance of 18/8 Stainless Steel. Trans. Elec- E. D. St. John, Hydrogen Gas Explosion Dam- 

. trochem. Soc., 81, 511-520 (1942). ages Condenser-Turbine. Electrical World, 125, 
reasons 
- C. E, Imhoff and L. A. Burkardt. X-ray Finger- = + as — i. Unie Pollowin 
Valves. T piece Reade. ote prints Scale Deposits. Power, 86, No. 1, 64-66 Hedeann taiaias. Sica Pies oy —< — 
~ es, S. ‘ 19 949) |e , 
aeons aca ae ae ciate ea 3, 64-68 (1946) March. 
or chnemica cleaning WOrkK, vaives, . ells anc ¥. . 1 lams. owe ncorpo- ‘ oe ‘Te ae a 7. 
bends, etc., made according to ASA 150 (ioe = American Victory. Dow Diamond “ae "Eautenen NS yy 45 L196) 
, etc., made z ASA IE (1942) July. angers. Co mm, 17, No. 9, 47-49 ( 
lbs are satisfactory ;. F. Williams — 4 “ i 
eae. GF, Millame, Ghenical moval of Sale tgp, "1 Wasco, and FN. Aluist. Chemical Re 
Finck 84 (20-22 ) (1943) Jan. . ~ ae moval of Calcium Sulfate Scale. Ind. and Eng. 
TUCKS 5. Cc. M X. aie d Ch ia Chem., 38, No. 4, 394-397 (1946) April. 
Practice has , at 3 5 ruck S.C. Morian. X-ray Ana ysis an emical Scale Cc. H. Groom and E. C. Hardy. Chemical Re- 
actice has shown that a tool truck Removal. Pet. Refiner, 22, No. 1, 72-75 (12-15) natal of Seale. fens Kine Fale. Haikcd (Pour 


at the disposal of the refinery’s clean-out — Jan, Pee ere Plant Eng., 50, No. 4, 66-67 (1946) April. 
service is of great value (se se Figure 6). O. W. Lyons. Use of C emicals in Cleaning Oi W. J. Davis. Chemical Cleaning of Refinery Foe) 


Field Equipment. Drilling (1943) Feb. nce? Pek. Ba ’ 5 
> gineer, 17, No. 6, 51-54 
This truck may be regarded as a branch G. F. Williams. Chemical Descaling of Refinery June. 


of the central tool stores, from which Heat Exchange Equipment. National Pet. News, J. H. Adkison, G. E. Mullin and L. W. Ecker- 
the truck is stocked and replenishe d. 35, No. 14, R152-R154 (1943) April 7. man. Che -mical Cleaning Process a to 
D . si . es H. F. Simons, Chemical Removal of Scale Is_a arine Equipment farine Eng. an ipping 
uring the time the truck is in opera Factor in Speeding Production, Oil and Gas Review, 51, No. 8, 105-108 (1946) Aug. 

tion, an administrative employee from Jour., 42, No. 2, 59-60, 63 (1943) May 20. E. W. Feller and G. F. Williams. Chemical Clean- 


the central tool stores is present in the Sympost he Identi 5 ail ing Takes the Bull Work out of Scale Removal: 
: posium on the Identification of Waterformed 
truck and is in charge of i: contents Deposits, Scales, and Corrosion Products by Part I. Power, 90, No. 9, 74-78 (586-590) (1946) 
“oe a Physico-Chemical Methods. Proc. ASTM, 43, Sept. : 
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Boilers with Molasses as the Inhibiting Agent. 
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29, No. 8, C27-C28 (1957) July 15. 
J. F. Stephenson, H. E. Waldrip and H. B. 
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and Gas Jour., 55, No. 47, 82-84 (1957) Nov. 25. 
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Any discussion of this article not published above 
will appear in the June, 1960 issue. 
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Chemical Foam_ Developed by Dowell Scientists 


Solves Many 
Complex Industrial 
Jour., 57, No. 29, 70 (1959) July 13. 
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Exchangers. Trans ASME, 71, 855-869 (1949) 
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Cleaning of Boilers. Combustion, 23, No. 5, 
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J. N.. Breston. Corrosion 
Inhibitors. Ind. 
1755-1761 (1952) Aug. 

R. C. Ulmer and J. W. Wood. Inhibitors for 
Eliminating Corrosion in Steam and Condensate 
Lines. In and Eng. Chem., 44, No. 8, 1761- 
1765 (1952) Aug. 

J. Elze and H. Fischer. Der Einfluss von Inhibi- 
toren auf die Auflésung von Eisen in Saure (In- 
fluence of Inhibitors on Dissolving of Iron in 
Acids). Metalloberflache, 6, No. 12, A177-A185 
(1952) Dec. A shortened version of this article 
was published in Jour. Electrochem. Soc., 99, 
359-266 (1952). 


Control with Organic 
and Eng. Chem., 44, No. 
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C. M. Maddin. Spectrochemical Analysis of Acid 
Solvents and _ Brine Solutions. Abstracts of 
Papers, 126th Meeting. American Chemical §o. 
ciety, New York, N. Y., Sept. 12-17, 1954, page 
12B, Paper No. 29. 


L. S. Van Delinder. Modern Cleaning Methods 
for Tankage Equipment. Corrosion, 13, No, 6, 
359t-360t (1957) June. 


DISCUSSION 
Question by Douglas Webster Speed, 
Esso Standard Oil Co., Baton Rouge, 
Louisiana: 
Do you place a limitation on the use of 
inhibited HCl in cleaning austenitic 
stainless steels 18-8 Cr Ni, 25-20 Cr Ni? 


Reply by Lambert N. Klinge and Johan 

Selman: 

A case is quoted in the article 
which attack occurred during cleaning 
with inhibited hydrochloric acid on parts 
made of 12 to 14 percent chromium 
steel. We can add that 18 Cr 8 Ni steel 
nuts and bolts which were also in the 
equipment being cleaned, were left com- 
pletely unattacked under the prevailing 
conditions. Thus it appears that 18 Cr 
8 Ni steel requires no limitation in the 
use of inhibited hydrochloric acid dur- 
ing chemical cleaning. We feel the same 
applies to 25 Cr 20 Ni steel. 

However, as yet we have insufficient 
experience in this field to make this 
statement without any restrictions. If 
we had to carry out chemical cleaning 
with inhibited hydrochloric acid of 
equipment made of these steels, we cer- 
tainly would take no risks and would 
conduct extensive tests in the laboratory 
before beginning the cleaning operation. 

Reference is made to the article by 
Ublig.” 


+H. H. ‘Ublig and E. M. Wallace. Effect of 
Hydrochloric Acid plus Inhibitor on the Cor- 
rosion Resistance of 18/8 i ess Steel. Trans. 
Electrochem. Soc., 81, 511-520 (1942). 
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An alphabetical subject and author index of the first 10 years (1945-1954) of CORROSION is avail- 
able. A chronological table of contents of each issue is included. Write to CORROSION, National 
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igure 1—Corroded face of Type 316 stainless steel 
pi valve seat on a modern pipe still fractionation 
tower. 


Figure 2—Characteristic impingement attack on 
reboiler tubes from a petrochemical unit. 


Figure 3—Section of a tube from a fluid hydro- 
former re-cycle gas furnace. Cracks opened upon 
bending in laboratory. 
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Figure 4—Typical corrosion information gathered 

from a laboratory screening test. Corrosion rates 

are shown in an organic acid — containing 

Process impurities at 104 F 


kSubmitted for publication April 14, 1959. A paper 
Presented at the 15th Annual Conference, Na- 
tional Association of Corrosion Engineers, March 
16-20, 1959, Chicago, Ill. 


Selection of Alloys 
For Refinery Processing Equipment’ 


By A. J. FREEDMAN, G. F. TISINAI and E. S. TROSCINSKI 


Introduction 


EFINING CONDITIONS in the 

present push for higher octane gaso- 
line are becoming more and more severe. 
New and valuable petrochemical proc- 
esses will demand process conditions dif- 
fering considerably from those in the 
refining industry today. For these rea- 
sons, plus the ever-present need to select 
the most economical materials of con- 
struction, careful selection of alloys is 
becoming increasingly important. Precon- 
ceived ideas concerning use of particular 
alloys under certain conditions and treat- 
ment of these alloys during construction 
should be discarded in favor of a care- 
fully planned and executed evaluation 
program. This program should consider 
all possible variables which might influ- 
ence alloy performance during construc- 
tion and normal operating cycles, includ- 
ing both on-stream and shutdown periods. 


Effects of Process Variables 

A dramatic example of the effect of 
process variables upon corrosion rates of 
common alloys is the problem of high 
temperature sulfidic corrosion in reform- 
ers. Low chromium-molybdenum steels 
have been used for many years in fur- 
nace tubes on crude units, thermal crack- 
ing units and hydroforming units proc- 
essing sour stocks. When the newer 
catalytic reforming units were first de- 
signed, it appeared so logical to specify 
these same alloys for high temperature 
furnace tubes that little attention was 
paid to possible new corrosion problems. 

Problems arising from use of alternat- 
ing process and regeneration conditions, 
on the other hand, were anticipated and 
studied thoroughly with the result that 
problems have been practically non- 
existent in operating units. But these 
early units were plagued by plugged cat- 
alyst beds, poor conversion and other 
troubles resulting from the accumulation 
of large quantities of loose, brittle scale. 
Only when the magnitude and impor- 
tance of this problem became clear were 
studies made to understand the corro- 
sion problems of these reforming proc- 
esses. Careful control of H.S/H, ratios 
and use of properly heat-treated 18-8 
stainless steel or properly aluminized low 
alloy steel furnace tubes have almost 
eliminated corrosion and scaling problems 
in catalytic reformers. This experience, 
throughout the industry, has awakened 
most refiners to the dangers of basing 
alloy selections only on past experience 
when new and untried processes are 
developed. 

When alloys are selected for a new 
unit or process, all conditions to be ex- 
pected during normal operating cycles 
must be considered. For example, a mod- 
ern pipe still had several forced shut- 
downs in quick succession when the unit 
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Abstract 


Discusses variables in a refinery which af- 
fect selection of alloy materials to be used 
in construction of units. Gives examples 
of failures caused by lack of evaluation of 
alloys in new processes before fabrication 
of units, Presents reasons a laboratory and 
ilot plant corrosion testing program should 
»e established and information on effects 
of temperature, concentration and time 
that should be obtained from this program. 
Also discusses metallurgical considerations 
which should be made in selection of alloys: 
weld metal structure, grain boundary pre- 
cipitation effects in stainless steels and in 
other alloys, problems in clad vessels, 
stress corrosion cracking in alloys and ef- 
fects of hydrogen on alloys. Emphasizes 
the need to maintain effective records of 
tests, chemical composition and heat treat- 
ment history of each specimen. Briefly 
discusses need to continue alloy evaluation 
by corrosion monitoring in process equip- 
ment. 6.5 


% 


was new. These shutdowns were caused 
by leaky relief valves on the primary 
tower. Type 316 stainless steel valves 
were installed during initial construction 
of this unit. Normally, this alloy would 
be entirely satisfactory in the process 
fluids found in this unit. However, small 
amounts of sour naphtha and _ hydro- 
chloric acid collected in narrow crevices 
around the valve seats and rapidly in- 
creased in corrosivity. 

This phenomenon, known as crevice 
corrosion, occurs when circulation or dif- 
fusion in narrow spaces is not sufficient 
to maintain the normal stream composi- 
tion at these points. Valve seats on the 
relief valves corroded rapidly, and the 
valves could not be closed properly. 
Figure 1 shows the corroded face of one 
of these valve seats. Solving this problem, 
once it was discovered and understood, 
was not too difficult. Hastelloy B alloy 
facings, resistant to acid attacks, were 
substituted for the Type 316 steel on 
valve seats and discs, and the problem 
disappeared. 

Another specific operating variable 
which has caused considerable difficulty 
in refinery units is impingement attack. 
On a petrochemical unit, for instance, re- 
boiler tubes which were struck by a 
high velocity, high temperature stream 
of corrosive fluids corroded severely. 
Figure 2 shows the characteristic grooved 
appearance of tubes removed from this 
unit. In this case, laboratory tests indi- 
cated that, rather than substitute more 
expensive alloy tubes, the problem could 
be solved more economically by modify- 
ing the process stream. Addition of oxi- 
dation inhibitors to prevent formation of 
corrosive components effectively elimi- 
nated impingement attack. 

In addition to conditions during nor- 
mal on-stream operations, corrosive en- 
vironments existing during shutdowns 
also must be considered when selecting 
alloys. Re-cycle gas furnace tubes on a 
fluid hydroformer were constructed from 
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Type 304 stainless steel. This is a stand- 
ard material for this application, and no 
corrosion was expected. However, leaks 
occurred in these furnace tubes after only 
a few months’ operation. These leaks 
were found only near butt-welded joints. 
Sections of the tubes, with cracks which 
appeared upon bending in the laboratory, 
are shown in Figure 3. 

New welded tubes were found to be 
metallographically sound although some 
circumferential shrinkage of the tubes 
had occurred near welded joints. This 
shrinkage was noted during construction 
of the unit but was not considered serious. 

No ready explanation could be found 
for the failure of these tubes. However, 
laboratory corrosion tests using solutions 
similar to those in the tubes during shut- 
downs indicated the answer: intergranu- 
lar stress corrosion cracking caused by 
aqueous condensates containing H,S and 
SO,. These gases react in the presence of 
water to form polythionic acids. These 
acids are known to stress crack 18-8 
stainless steels intergranularly, once the 
steels have become sensitized by heating 
in the proper range of temperature.? 
Normal fabrication procedures provided 
the stress, normal operating temperatures 
provided the sensitization, and normal 
shutdown procedures provided the cor- 
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rodant. The result was a troublesome 
failure which was not detected until the 
unit was back on stream. 

In any case of corrosion failure, re- 
sistant alloys can be selected to fit the 
process, or the process can be modified 
to accommodate available materials. In 
the case of the fluid hydroformer, the 
economical solution was to change the 
shutdown procedure to keep the furnace 
tubes free of condensate. Many other in- 
stances of corrosion during downtime 
have been recognized in recent years. 
The importance of controlling corrosive 
environments during shutdowns cannot 
be overemphasized, especially when ex- 
pensive alloys and critical heat treat- 
ments were used during initial construc- 
tion of a unit. 

External and internal operating condi- 
tions must be considered in selecting 
alloys. For example, in plants near salt 
water, normal condensation occurring in 
the evening after a warm day may con- 
tain appreciable amounts of salt, even 
salty to the taste. During warm days, 
this condensate tends to dry up, leaving 
salt behind. During the evaporation proc- 
ess, conditions are ideal for transgranu- 
lar stress corrosion cracking of austenitic 
stainless steels. The danger of stress cor- 
rosion cracking can be minimized only 
by such means as proper heat treatment 
after cold forming operations or possibly 
by use of protective coatings or cathodic 
protection. 

Similar favorable conditions for stress 
corrosion cracking may arise from use of 
salt or brackish water in exchangers con- 
taining stainless steel or from having any 
of several different types of insulation in 
contact with stainless steel. There seems 
to be enough residual chlorides in many 
insulations to cause stainless steel to stress 
corrosion crack from moisture picked up 
during normal condensation. It is ex- 
tremely difficult to seal such insulation 
completely against the entrance of water 
vapor, if not liquid water. The mere 
fact that stress corrosion has not ap- 
peared in older units is not a positive 
guarantee that it will mot appear in new 
units if conditions otherwise seem to be 
favorable. Not enough is known about 
this type failure to make assurances of 
its occurrence or non-occurrence under 
any circumstances. 


Laboratory and Pilot Plant 
Corrosion Testing 

A poor choice of metals for new unit 
construction can lead to costly and 
sometimes hazardous failures in critical 
parts. Also, preliminary corrosion experi- 
ence may have a vital influence on the 
economic decision to construct a com- 
mercial process. That is, a new unit 
which is technically attractive may be 
economically unsound because of high 
material cost needed to contain the proc- 
ess corrosion-wise. 

Because of its importance, a corrosion- 
testing program for a new process or 
unit should begin as soon as feasibility 
of the process has been established. This 
program in general should consist of 
two parts. First, a preliminary laboratory 
study should be made to screen possible 
materials for construction of a pilot 
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plant. Second, a combined laboratory 
and pilot plant program should be 
planned to study, from the chemical, 
process and metallurgical viewpoints, all 
corrosion problems expected in the com- 
mercial unit. 


Preliminary Work 

Because it is impossible to duplicate 
an entire refinery or chemical process 
unit in the laboratory or even in a pilot 
plant, any corrosion testing program 
should begin with a careful study of the 
process. Flow sheets should be exam- 
ined for critical locations from a cor- 
rosion viewpoint. Laboratory tests then 
can be devised to reproduce, as closely 
as practicable, all operating conditions 
at these locations. This is essential. Omis- 
sion of one variable such as impinge- 
ment or presence of crevices, for ex- 
ample, can lead to a false estimate of 
alloy behavior at the location. 

Once laboratory equipment is avail- 
able, materials to be tested are selected. 
If corrosive components in the process 
stream are known, the corrosion litera- 
ture may provide valuable clues. Pub- 
lished information cannot always be used 
as a final authority; small changes in 
operating variables such as stream con- 
centration or temperature can affect pro- 
foundly the corrosivity of the fluids. If 
no past experience is available, metals 
ranging from carbon steel to the so- 
called superalloys must be considered. 

Judicious metal selection for initial 
testing can save time in later evaluations. 
Any metals examined must be capable 
of withstanding the physical stresses of 
normal service, must be readily available 
at a reasonable cost and must be amen- 
able to fabrication by standard methods. 
It would be foolish, for example, to 
evaluate an alloy available only in cast 
form as a possible material for tubing 
or pipe. 

From a relatively few laboratory tests, 
much information can be obtained. Types 
of alloys required in the construction of 
the pilot plant equipment can be deter- 
mined readily. Figure 4 shows. typical 
corrosion information which can be gath- 
ered in laboratory screening tests. These 
data were obtained from a single corro- 
sion test in an organic acid solution con- 
taining process impurities at 104 F by 
means of laboratory corrosion probes. 
Corrosion probes have been described in 
earlier publications.?~® 

From the graph, it can be seen that 
carbon steel, corroding at 0.275 inches 
per year, would be totally unsuitable for 
use in this service. Even Type 304 stain- 
less steel, with a corrosion rate of 0.064 
inches per year, does not appear to have 
any merit., Type 316 stainless steel, with 
a corrosion rate of 0.021 inches per year, 
looks promising and probably is a good 
construction material for the pilot plant 
equipment. This alloy seems especially 
encouraging; the corrosion appears to be 
decreasing to a negligible value after ap- 
proximately 20 hours. This effect can be 
caused by protective film formation of 
possibly by depletion of the corrosive 
agent in the solution. Such beneficial 
effects may not always be realized in an 
actual process, especially under high ve- 
locity conditions or in a continuous proc- 
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Figure 5—Effect of temperature on corrosion rates 
predicted from Arrhenius equation. 


ess in which the depletion effects are 
negligible. The last alloy shown, Hastel- 
loy C, corroding at 0.007 inches per 
year, should be relied on for excellent 
corrosion protection if subsequent work 
proved Type 316 stainless steel to be 
unsuitable. 

When alloys are chosen for a pilot 
plant, it is important to remember that 
the plant probably will provide product 
samples having high purity for consumer 
evaluations. A considerable amount of 
time and money may be required to 
purify products if the materials used for 
pilot plant equipment are not selected 
carefully to prevent contamination by 
corrosion products. 


Corrosion Testing During 
Process Development 

In the combined laboratory and pilot 
plant work following the initial labora- 
tory tests, a judicious corrosion eval- 
uation program is required. Here, all 
possible variables such as temperature, 
stream composition, alloy microstructure, 
fabrication procedures and possible oc- 
currence of various types of corrosion 
should be evaluated thoroughly, both in 
the pilot plant equipment and also under 
simulated process conditions in the labo- 
ratory. Similarly, external conditions at 
the proposed plant location should be 
considered. For example, atmospheric 
pollutants and the type cooling water 
available can be limiting factors in the 
choice of certain construction materials. 


Temperature Effects. In many cases, 
final operating temperatures of a com- 
mercial process are not determined until 
near the end of the pilot plant study. 
Hence, it is important that construction 
alloy corrosion rates be determined over 
the entire range of possible temperatures. 
In many cases, temperature effects on 
corrosion rates can be predicted from the 
Arrhenius equation.* If the Arrhenius 
Equation is valid, a plot of the corrosion 
rate logarithm against the absolute tem- 
perature reciprocal should result in a 
straight line, as shown in Figure 5, This 
type information is useful in predicting 
corrosion rates. Knowing that a particu- 
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Figure 6—Effect of distillation residue temperature 
on corrosion rate of Type 316 stainless steel. 


lar type of corrosive environment be- 
haves in this manner enables one to 
interpolate or extrapolate corrosion rates 
over a wide temperature range. 

Temperature has another important 
effect on corrosion rates. Metals or alloys 
can corrode by one or more mechanisms, 
depending upon temperature of the cor- 
rosive medium. Corrosion rates can de- 
crease with exposure time, remain 
constant with time, increase with time 
or combine all three effects. The corro- 
sion mechanism is important when the 
results of short term corrosion tests are 
extrapolated to a yearly basis. As an 
example, the effect of distillation residue 
temperature on the corrosion rate of 
Type 316 stainless steel is shown in Fig- 
ure 6. The conditions shown in this graph 
are typical of those found in a distilla- 
tion column where a wide range of tem- 
perature is normal. In this application, 
Type 316 stainless probably would be a 
suitable construction material at temper- 
atures to about 350 F. In this tempera- 
ture range, the protective oxide films on 
the surface of the stainless steel appear 
to be maintained; at higher temperatures, 
the films break down and _ accelerated 
corrosion occurs. 


Concentration ‘Effects. Stream concen- 
trations can have important effects on 
corrosion rates. Unfortunately, corrosion 
rates seldom are linear with concentra- 
tion over wide ranges. In equipment such 
as concentrators, reactors and distillation 
columns, concentration changes occur 
continuously, making prediction of cor- 
rosion rates difficult. The effects of boil- 
ing acid at different concentrations on 
the corrosion rates of several alloys are 
shown in Figure 7. In this application, 
the concentration of acid did not appear 
to influence the corrosion rate of Hastel- 
loy C. Corrosion rates of Types 316 and 
317 stainless steels increased continuously 
with increasing acid concentration. Type 
304 stainless showed an apparent maxi- 
mum at about 40 percent acid. At higher 
concentrations, the corrosion rate de- 
creased to a substantially constant value. 


Time Effects. Metals or alloys can cor- 
rode by one or more mechanisms. In this 
situation, corrosion rates often are ex- 
pected to change with time. Figure 8 il- 
lustrates typical corrosion-time curves. 
The rate of attack may (1) remain con- 
stant with time as shown in Figure 8A, 
(2\ slow down at a rate inversely propor- 
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Figure 7—Effect of organic acid concentration on 
corrosion rates at boiling temperature. 


tional to the thickness of the scale as 
shown in Figure 8B or (3) virtually 
stop after a rapid initial attack of lim- 
ited magnitude as shown in Figure 8C. 

The attack rate also may be more 
complex. For instance, the curve in Fig- 
ure 8D has a range in which the corro- 
sion accelerates with time, and the curve 
in Figure 8E consists of small parabolas, 
each parabola corresponding to scale 
growth, and each break in the curve to 
a fracture of the scale, followed by a 
healing of the breaks. Once the charac- 
teristic rate type is established, reason- 
able extrapolations can be made from 
short tests to long time exposures. Also, 
possible ways of controlling corrosion 
may be suggested by these data. 

If intergranular corrosion, stress cor- 
rosion cracking, hydrogen embrittlement 
or hydrogen blistering should occur, the 
time factor may be of little importance. 
If these types of corrosion are observed 
in any application, the material generally 
is considered to be unsuitable, and other 
materials are selected or some other 
equally safe and positive corrective meas- 
ure is taken. The risk of a sudden, un- 
predictable and uncontrollable failure 
caused by one of these mechanisms can- 
not be taken in any commercial unit or 
pilot plant. Only in cases of uniform at- 
tack and pitting are rates of propagation 
considered and corrosion allowances es- 


tablished. 


Velocity and Impingement Effects. 
Many laboratory tests and pilot plant 
operations may be conducted under con- 
ditions somewhat less severe than those 
which will occur in the actual operating 
unit. Stream velocities in particular may 
be lower. This can be extremely impor- 
tant so far as corrosion resistance is con- 
cerned because many materials depend 
upon formation of a protective surface 
film to provide corrosion resistance. If 
this film is removed by exposure to a 
high velocity medium or by impringe- 
ment of dispersed gases or similar dis- 
turbing elements upon the metal surface, 
the corrosion rate can be much higher 
than it would be if the film were per- 
mitted to form in its normal fashion. 

Depending largely upon chemical com- 
position, some alloys are susceptible to 
this type of film formation and others 


21t 














110 CORROSION NATIONAL ASSOCIATION OF CORROSION ENGINEERS 
STEEL IN ACID SCALING REACTIONS —— 
5 z S 
o 2 D 
oO 3 °o 
ec a 
: : j 
Oo A > B oO C 
TIME TIME TIME 
LOGARITHMIC OR 
LINEAR PARABOLIC ASSYMPTOTIC 


STEEL,BRASS IN SULFUR 


CORROSION 


TIME 
MICRO-CATACLYSMIC 





z 

© 

wo 

° 

4 

4 

9 

o D 
TIME 
SIGMOID 


Figure 8—Schematic corrosion-time curves. 





Figure 9—Velocity effects in a corrosive stream from a petrochemical process. Specimen M: Type 304 


stainless steel. Specimen N: 


ype 316 stainless steel. Specimen O: carbon steel. Specimen P: Type 410 


stainless steel, Specimen Q: Hastelloy B. 


are not. For example, the corrosion re- 
sistance of Hastelloy C does not seem to 
depend at all upon film formation, where- 
as that of Hastelloy B seems quite de- 
pendent upon this effect. Sensitivity to 
velocity or impingement effects can be 
studied adequately in the laboratory if 
the pilot plant does not provide suitable 
conditions, but information must be avail- 
able to cover the range of stream veloci- 
ties expected in the final operating units.® 
Also, if a realistic evaluation is to be 
made, such tests must be conducted under 
actual operating conditions of tempera- 
ture and pressure and with actual process 
streams. This is essential because minor 
components in plant streams, which can- 
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not be introduced readily in synthetic 
laboratory solutions, may be the main 
culprits in causing severe velocity cor- 
rosion. 

An example of the effect of velocity 
or impingement on corrosion rates is 
shown in Figure 9. Samples shown were 
exposed in a corrosive stream from a 
petrochemical plant. They were rotated 
at a peripheral speed of 1130 fpm. Typi- 
cal velocity effects can be seen on the 
Types 304 and 410 stainless steels, car- 
bon steel and Hastelloy B. Type 316 
stainless steel was not affected. 


When dissimilar 
in contact with each 


Galvanic Effects. 
metals are used 
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other and are exposed to an electrically 
conducting solution, combinations of 
metals should be chosen that are as close 
together as possible in the galvanic series, 
Coupling two metals widely separated in 
this series generally will produce ac- 
celerated attack on the more active metal. 
Often, however, protective oxide films 
and other effects may reduce or eliminate 
galvanic corrosion. Final decision in each 
application should be made on the basis 
of thorough laboratory and pilot plant 
study of galvanic tendencies on _ the 
metals involved. 


Effects of Additives and Process 
Changes. Corrosion rates often can be 
affected greatly by minor amounts of 
special compounds added to_ process 
streams. Corrosion inhibitors, for exam- 
ple, have saved millions of dollars in the 
petroleum industry by eliminating the 
need for expensive alloy construction, 
Anti-oxidants added in small amounts to 
certain streams can prevent formation 
of corrosive organic peroxides and acids. 
Nitrogen blanketing of storage tanks ac- 
complishes a similar purpose. In some 
cases, addition of a drying tower may 
eliminate small amounts of corrosion 
producing moisture from an_ otherwise 
innocuous stream. Alternatively, in other 
cases dilution of this corrosive moisture 
with relatively large amounts of water 
may render it less dangerous. 

These possibilities may produce large 
savings in capital investment costs by 
permitting use of carbon steel, for exam- 
ple, instead of expensive alloys. Careful 
laboratory and pilot plant testing usually 
will indicate the value of these methods 
in a particular case. Of course, the re- 
quired purity of the final products from 
a chemical plant may prevent use of ad- 
ditives for corrosion-control. 


Metallurgical Considerations 
General Selection 


Although a metal of a given type may 
be necessary to provide resistance to a 
corroding medium, the metal’s corrosion 
resistance may vary over a_ relatively 
wide range, depending upon its metal- 
lurgical structure. Properties of a metal 
or alloy may be either structure-sensitive 
or structure-insensitive. In general, cor- 
rosion resistant metals are sold commer- 
cially in the condition in which they have 
optimum corrosion resistance. Hence, the 
preliminary weeding-out tests, conducted 
at the bench scale stage, should be made 
using commercially as-received materials. 
These tests will establish which basic 
type alloys (for example, nickel-rich, cop- 
per-rich, aluminum-rich, stainless steels, 
etc.) should be considered for further 
study. Often this general information is 
known from data in the literature. 


Microstructural Effects 


Weld Metal Structure. Plant equip- 
ment is built mainly from wrought ma- 
terial, fabricated largely by welding. The 
welding operation can introduce objec- 
tionable features which should be evalu- 
ated. Deposited weld metal has a struc- 
ture similar to that of a casting although 
possibly not quite as coarse grained. Fig- 
ure 10 shows normal metallurgical struc- 
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Figure 10—Section A: Austenitic grain structure of 
a wrought AISI Type 304 stainless steel in the solu- 
tion-treated condition. 125X, electrolytic oxalic acid 
etch. Section B: Structure of an AISI Type 317 
stainless steel weld deposit. Cored structure is 
shown by delicate differences in shading of the 
austenite matrix. 125X, Glyceregia etch. 


tures for typical stainless steels in the 
as received (wrought and solution treat- 
ed) and the weld deposited (cast) con- 
ditions. The weld metal has a cored 
structure, consisting of micro-regions of 
varying chemical compositions, a result 
of solidification directly from the molten 
state. The cored structure may be unde- 
sirable in severe corrosive media because 
an interdendritic corrosion may worm 
into the metal. However, this effect is 
not normally met in most processing 
media. Satisfactory homogenization of 
the cored weld structure may require 
heat treatments from four to eight hours 
or sometimes even longer at rather high 
temperatures. Such heat treatments may 
or may not be practical. 


Grain Boundary Precipitation Effects 
in Stainless Steels. Welding also produces 
a heat affected zone in the base metal on 


each side of the weld metal. This zone is 
that region in which temperature has 
risen enough to permit metallurgical re- 
actions to take place during welding. In 
some metals such as stainless steels and 
high nickel base alloys, this can lead to 
a condition known as sensitization. 
Sensitization also can occur in a solu- 
tion-annealed structure if the metal is 
held for a sufficient time at te mperatures 
between 800 and 1500 F. A typical sensi- 
tized structure in stainless steel is shown 
in Figure 11A, A continuous precipitate, 
actually a chromium carbide in stainless 
steels, occurs in the grain boundaries. In 
weldments, this pre cipitation is localized 
near the base metal which is adjacent to 
the weld. Accelerated attack can occur in 
these sensitized zones because of chromi- 
um depletion in the metal adjacent to 
the grain boundaries resulting from this 


SELECTION OF ALLOYS FOR REFINERY PROCESSIN 


Figure 11—Section A: Type 304 stainless steel has 
become sensitized, that ts, has formed a_ contin- 
uous grain boundary carbide network. 125X, elec- 
trolytic oxalic acid etch. Section B: Intergranular 
attack of a sensitized austenitic stainless steel 
shown at low magnification. 25X, Glyceregia etch. 


precipitation or because of galvanic ef- 
fects induced by it in conjunction with 
the matrix. This may lead to a knife- 
edge attack in weldments in the heat af- 
fected region. Where the entire base 
metal has been sensitized by an appropri- 
ate heat treatment, there may be a gen- 
eral loss in adherence between the metal’s 
grains. This destroys the material’s physi- 
cal properties. Figure 11B illustrates the 
nature of the corrosive attack in a sen- 
sitized region of a stainless steel. 

Various ways have been found to elimi- 
nate sensitization in stainless steels. Be- 
cause the principal rapid precipitant in 
stainless steels is known to be a chromium 
carbide, precipitation should not occur 
if the carbon content of the material is 
decreased to a low enough value. The 
present specification limit for so-called 
extra low carbon (L or ELC) materials 
is 0.03 percent carbon. This, unforunate- 
ly, often is interpreted by the mills to 
mean 0.035 percent carbon. Accurate 
analyses are difficult to make for carbon 
in stainless steels. Also, there may be 
some question as to carbon content uni- 
formity throughout a large heat of ma- 
terial. Consequently, carbon contents may 
vary widely from the specified limit, 
and the actual advantage of the ELC 
grades for high corrosion resistance may 
not always be obtained. 

Another method to avoid sensitization 
in stainless steels is through chemical 
stabilization, Addition of proper amounts 
of niobium (still called columbium by 
most American metallurgical companies) 
or titanium to the stainless steels, fol- 
lowed by appropriate heat treatment— 
preferably about 1600 F, will cause the 
carbides to precipitate throughout the 
metal structure as discrete niobium or ti- 
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Figure 12—Section A: Structure of a properly solu- 
tion-annealed Hastelloy C alloy. Small discrete 
particles are carbides but are not of a harmful 
type. 250X, alcohol-bromide etch. Section B: Struc- 
ture of an improperly solution-annealed Hastelloy 
C alloy. Precipitate shown in grain boundaries makes 
this structure susceptible to intergranular attack. 
250X, Aqua regia etch. 


tanium carbides, rather than preferen- 
tially at grain boundaries as continuous 
chromium carbides. Consequently, the 
corrosion resistance is not affected ad- 
versely so far as sensitization during 
welding is concerned. If weldments are 
held for short periods at temperatures 
near 1200 F without prior 1600 F treat- 
ment to precipitate the carbides, the heat 
affected zones may become sensitized 
even in the presence of niobium or ti- 
tanium. 

Another method of avoiding sensitiza- 
tion in stainless steels is called thermal 
stabilization. This method is based upon 
the principle that the grain boundary 
precipitate of chromium carbides is least 
harmful in the form of discrete particles 
which do not have much _ particle-to- 
particle contact. The precipitate can be 
separated in this way by use of special 
heat treatments before the metal is put 
into service. For stainless steel, a mini- 
mum of four hours at 1600 + 25 F 
required. However, as in the chemically 
stabilized steels, it is not wise to hold 
weldments of such a heat treated steel at 
temperatures near 1200 F unless the steel 
is again heat treated at 1600 F after 
welding. 

If service temperatures fall between 
800 and 1500 F, an intermetallic phase 
called the sigma phase may form slowly 
in most stainless steels. Formation of 
sigma phase drastically reduces the im- 
pact ductility and in some cases the cor- 
rosion resistance of stainless steels. Sigma 
phase formation may destroy the bene- 
ficial effects of chemical and thermal 
stabilization in these alloys. 


Grain Boundary Precipitation Effects 
in Other Alloys. Other alloys also de- 
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velop sensitized microstructures which 
make them susceptible to intergranular 
deswed medium before being applied 
attack in appropriate media. For example, 
copper base alloys tend to be susceptible 
even though no obvious sensitization ef- 
fects can be noted in their microstructures. 
This is especially true in ammonia con- 
taining media. Recently, there have been 
some reports that a modified type of alu- 
minum bronze may be immune to many 
of the media that normally attack copper 
base alloys intergranularly. Although the 
reports seem promising, any such alloy 
should be tested in the desired medium 
before being applied extensively. 

Effects of microstructure upon cor- 
rosion rate may be important even with 
the most highly corrosion res‘stant super 
alloys. For example, Hastelloys B and C 
have alloy contents so high that, for most 
applications, chemical composition alone 
provides adequate corrosion resistance. 
Metallurgical structure in such cases is 
of little importance. However in some 
respects, the Hastelloys are similar to the 
stainless steels. The alloys’ optimum cor- 
rosion resistance is produced by a solu- 
tion annealing heat treatment which re- 
quires a rapid cool from the annealing 
temperature. Figure 12A shows a good 
solution annealed structure in Hastelloy- 
C. However, if this annealing treatment 
is not carried out properly, the sensitized 
structure shown in Figure 12B may result 
with a continuous grain boundary pre- 
cipitate. 

In severely corrosive media, sensitized 
Hastelloys B and C may corrode inter- 
granularly. Heat affected zones adjacent 
to welds on these alloys are subject to 
this attack even though the base metal 
is solution-annealed. Also, as-cast weld 
metal may corrode faster than solution- 
annealed base alloy. 


Problems in Clad Vessels 


The effect of heat treatment upon cor- 
rosion resistance of metals becomes in- 
creasingly important when other possible 
fabrication variables are introduced. For 
example, corrosion resistant metals fre- 
quently are used in a clad form rather 
than in a solid form to reduce capital in- 
vestment. 


There are four cladding methods in 
general use today. In one, a sandwich is 
made of the corrosion resistant metal 
and carbon steel, sealed around the edges 
by welding and hot rolled to effect a 
pressure weld between the plates. The 
bonding is almost 100 percent. 


In another method, the metal is brazed 
to a steel backing plate. The sheets fre- 
quently are available only in relatively 
small sizes and must be welded to pro- 
duce the larger plates needed. The nature 
of these welds must be considered because 
they can be possible points where cor- 
rosion might occur. 

In a third process, a loose liner is 
fastened to a carbon steel shell by elec- 
trical resistance welds spaced on ap- 
propriate centers, usually 11% to 2 inches 
apart. The fourth process is the so-called 
strip liner process in which a loose liner 
is installed in sheets or strips of various 
sizes by welding. 
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In all four processes, the desired micro- 
structure in the corrosion resistant metal 
is often difficult to obtain without dam- 
aging the carbon steel backing or the 
joint of metal to carbon steel. Therefore, 
microstructures obtained must be evalu- 
ated from a corrosion viewpoint. 

If metallurgical structures produced by 
these types of clad liners are not ade- 
quate to give the corrosion resistance ex- 
pected, a loose heat-treatable liner may 
be necessary. Because the liner can never 
fit the carbon steel shell exactly, the use 
of internal pressure, necessitated by proc- 
ess conditions, can result in cyclic ex- 
pansion and contraction of the liner to 
a degree depending upon the nature of 
the process. Even if the process is a con- 
stant pressure type, the liner will be 
subjected to cyclic operation every time 
the unit shuts down and starts. 

Plastic strains introduced by these 
cyclic conditions can lead to various 
types of mechanical or corrosion fatigue 
failures or to stress corrosion cracking. 
Laboratory equipment designed to test 
metal endurance under accelerated cyclic 
conditions cannot reproduce plant opera- 
tions exactly. However, any failures pro- 
duced in laboratory equipment should be 
a warning of possible trouble ahead in the 
process unit. 


Stress Corrosion Cracking in 
Various Alloys 

The problem of stress corrosion crack- 
ing of metals is becoming increasingly 
serious. Stress corrosion cracking can oc- 
cur across the grains of the material and 
along grain boundaries, as discussed 
above. 

Figure 13 shows typical transgranular 
stress corrosion cracks produced in a 
stainless steel by attack of aqueous chlo- 
ride solutions. At present, this phenome- 
non is poorly understood. Although 
chlorides are especially active in causing 
this cracking, other corrosive agents also 
may be important. For example, Monel, 
highly resistant to such cracking in pres- 
ence of chlorides, may be prone to trans- 
granular cracking in presence of hydro- 
gen fluoride. 

No method is known which can con- 
trol transgranular cracking under all con- 
ditions. In any process, thorough labora- 
tory and pilot plant testing is required 
with stressed specimens and actual proc- 
ess fluids to evaluate possible dangers 
from this type attack. 


Effects of Hydrogen on Alloys 

Other types of serious metallurgical 
failures can occur during operation of a 
unit. Possibility of these failures often is 
overlooked because they are not strictly 
caused by corrosion. The action of hydro- 
gen upon steels is an example. At suit- 
able elevated temperatures and pressures, 
hydrogen will react with carbon at the 
steel surface, removing the carbon and 
decarburizing the steel. If nothing else, 
this tends to reduce the steel’s strength 
properties and to decrease the safety 
factor in design. Also, under suitable 
conditions, hydrogen will dissociate at 
the metal surface and diffuse into the 
steel in nascent form. This dissolved hy- 
drogen may react with carbon inside the 
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steel to produce methane, which accumu- 
lates in grain boundaries until its pres. 
sure causes grain boundary fissuring. This 
effect is known as hydrogen attack. A 
decarburized, fissured structure is shown 
in Figure 14. The fissured material has 
lost much of its mechanical strength. 

This type attack is well understood 
and can be prevented by use of appropri- 
ate low alloy steels, depending upon op- 
erating temperature and hydrogen partial 
pressure. Often these resistant alloys can 
be used at no additional cost because 
of the higher design stresses allowed for 
the alloy material in comparison with 
plain carbon steel. 

Hydrogen attack can occur in carbon 
steels under what might appear to be 
mild conditions. For example, refractory 
liners often are depended upon to keep 
a vessel wall at a temperature low enough 
to avoid hydrogen attack. Failure of the 
lining material or bypassing of process 
fluids behind it can raise the metal wall 
temperature to a point where hydrogen 
attack can occur. Failures of important 
operating units in the refinery industry 
have occurred for this reason. 

Hydrogen also can act in another man- 
ner to destroy metals, even though no 
corrosion loss can be noted. For example, 
if tantalum is held in certain media, it 
may become charged with dissolved hy- 
drogen. This hydrogen does not react 
permanently with the tantalum (or with 
any impurity in the tantalum) as in the 
case of carbon steel. Rather, its mere 
presence in the microstructure decreases 
the ductility of tantalum to a negligible 
figure, thus making the metal susceptible 
to a brittle failure even at extremely low 
strains. Therefore, if hydrogen charging 
of metals is at all possible, physical tests 
of samples after corrosion testing should 
be made. 


Records of Materials and 
Service Conditions 

One important point which can easily 
be overlooked when evaluating alloys for 
new process equipment is the necessity 
of maintaining records of the chemical 
composition and heat treatment history 
of each corrosion specimen and of all 
fabrication procedures used in construct- 
ing both pilot plants and commercial 
units. It is embarrassing to find one speci- 
men of an alloy with unusual corrosion 
resistance and be unable to determine 
which events in the sample’s history con- 
tributed to its success. Also, construction 
of a unit based on test results with al- 
loys having non-typical compositions or 
heat treatments can lead to catastrophic 
failures in plant equipment. With good 
records at hand plus the results of care- 
ful corrosion tests, exact ailoy composi- 
tions, heat treatments and_ fabrication 
procedures can be specified for optimum 
corrosion resistance in the finished plant. 

An alloy used for plant construction 
may tend to change its metallurgical 
structure with time under the process 
conditions to which it is subjected. This 
factor is frequently overlooked in litera- 
ture data and in much laboratory work. 
In most cases, these structural changes 
are of no significance so far as corrosion 
resistance at the actual operation tem- 
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perature is concerned, but they can lead 
to serious corrosion during down times. 

In all cases involving special heat treat- 
ments, it is advisable to work closely with 
metal or alloy producers. To be of any 
value, the heat treatment recommended 
must be completely practical and easily 
conducted in the field under adequate 
control but without special precautions 
or equipment. Metal producers know the 
industry and can be of great value in 
determining whether or not any given 
technique is practical. 


Corrosion Monitoring in Process 
Equipment 


Plant operating conditions can differ 
markedly from those used in the labora- 
tory and pilot plant. Thus, corrosion 
evaluations should not end with construc- 
tion of a new plant or unit. Provisions 
should be made during construction to 
install corrosion monitoring devices at 
sensitive locations throughout the plant. 
This is particularly important in chemi- 
cal plants manufacturing products of 
high purity in which small amounts of 
corrosion products can cause product 
quality problems. Based upon accumu- 
lated monitoring data in the plant, vari- 
ous methods can be used to control any 
corrosion which appears. Process modifi- 
cations sometimes are possible and may 
eliminate the problem. Corrosion inhibi- 
tors, anti-oxidants or other additives may 
be effective. As a last resort, it may be 
necessary to replace existing equipment 
with more resistant and usually much 
more expensive alloys. Corrosion monitor- 
ing data, combined with the pilot plant 
evaluations, are essential to a wise de- 
cision on this subject. 

Corrosion monitoring in process equip- 
ment has been discussed in several earlier 
publications.*:3;7 In general, two methods 
are available for monitoring purposes: 
corrosion coupons and electrical resist- 
ance corrosion probes, Understanding the 
relationship which these techniques bear 
to one another is important. Probes and 
coupons can be installed at almost any 
point in a process; both will measure 
accurately the actual corrosion rate on 
the metal specimen at the installation 
point. However, probes and coupons are 
best suited for obtaining different types 
of information, and any comprehensive 
corrosion monitoring program should 
make use of both techniques. 

Corrosion probes are especially useful 
for direct in situ measurements of cor- 
rosion rates in operating plant equip- 
ment. Corrosion and fouling products 
formed on a probe usually have low 
electrical conductivities compared to the 
metal specimen. Therefore, the probe 
can be left in place and read regularly 
without removing the corrosion products 
and without interfering with normal unit 
operations. Sudden changes in corrosion 
Tate caused by changes in stream compo- 
sition or operating conditions can be de- 
tected almost immediately, before any 
appreciable damage is done to the unit. 
Corrective measures, such as the use of 
inhibitors, can be evaluated quickly and 
accurately without expensive shutdowns 
needed to handle corrosion coupons. 


Retractable coupons, which can be in- 
serted and removed through a gate valve, 
are available for these same uses. Be- 
cause of the unavoidable errors intro- 
duced in cleaning and weighing small 
coupons, longer times are needed for 
corrosion rate determinations. Rapid 
changes are difficult or impossible to de- 
tect by this method. 

Corrosion coupons, most useful for 
long-term observation of average corro- 
sion rates, can be enclosed within a unit 
for inspection during shutdowns. With 
proper weight loss measurements and 
visual inspection, all effects of the cor- 
rosive environment can be observed, in- 
cluding general corrosion, pitting, inter- 
granular attack, etc. Many alloys can be 
studied simultaneously, with heat treat- 
ments and fabrication procedures com- 
parable to those practical for the unit in 
question. Hence, all of the corrosion ex- 
perience accumulated in the laboratory 
and pilot plant can be checked under 
fullscale operating conditions. If serious 
corrosion should develop in a new unit, 
as indicated by probe data and if changes 
in stream composition and process varia- 
bles cannot correct the difficulty, com- 
plete coupon data will be available on 
which to base selection of a more re- 
sistant alloy for corrosion control. 


Summary 

Selection of alloys for new _ process 
equipment is a complex procedure. Be- 
cause of the many different effects that 
operating variables can have upon cor- 
rosion rates, laboratory and pilot plant 
corrosion evaluation programs should be 
designed carefully to cover all possible 
phases of plant operations. A careful 
metallurgical study should be made to 
determine the most desirable alloy com- 
positions, heat treatments and fabrication 
procedures for the process. Finally, be- 
cause laboratory and pilot plant tests 
never duplicate plant operation exactly, 
corrosion rates at sensitive locations 
should be monitored continuously so that 
any serious corrosion can be corrected 
before a structural or product-quality 
problem develops. 
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DISCUSSIONS 


Question by Robert W. Manuel, Socony 
Mobil Oil Co., New York City: 

In the case of steel exposed to hydrogen 

at high temperature, it should be noted 
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Figure 13—Transgranular attack on austenitic stain- 
less steel shown at relatively low magnification. 
25X, Glyceregia etch. 


Figure 14—Structure of carbon steel after an ex- 

ceptionally strong hydrogen attack. Black lines in 

the grain boundaries represent areas which were 

burst open by hydrogen and methane accumulating 
in the grain boundaries. 50X, Nital etch. 


that permanent loss of ductility can occur 
before the advanced decarburization and 
microfissuring shown in the figure is ob- 
served—in fact before any damage is 
observable under the microscope. Con- 
cerning the example of intergranular 
precipitate in Hastelloy, I should like to 
ask which type Hastelloy this is and what 
corrosive medium can produce _inter- 
granular corrosion in Hastelloy. 


Reply by E. S. Troscinski: 

The alloy type is Hastelloy C. The 
corrosive medium in which intergranular 
corrosion of Hastelloy CG may occur is 
impure acetic acid containing halides. 


Question by Donald L. Burns, Gulf Oil 
Corp., Port Arthur, Texas: 


The solutions of corrosion problems are 
complex and of course the complete 
evaluation of alloy materials is very im- 
portant as you have shown. However, the 
economics of various methods must be 
considered. Does your company evaluate 
the use of corrosion inhibitors vs the use 
of these alloy materials for new units? 


Reply by E. S. Troscinski: 

If the problem of contamination by an 
inhibitor is unimportant, then it is con- 
sidered as well as alloy materials. For 
the most part, economics govern the final 


choice. However, contingencies which 
sometimes arise with the use of inhibitors 
also must be considered. 
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Figure 1-—Plant layout of hydrogen plant 
reforming furnace. 





Figure 


2—Corrosion deposits on furnace 
tubes as seen during operation. 














Corrosion of Furnace Tubes 
By Residual Welding Slag* 


By KENNETH L. MOORE 


CASE history of reforming furnace 

tube failure in a hydrogen plant 
is described in this article with the pur- 
pose of showing that proper precaution 
can prevent this type failure in other 
ethylene and hydrogen plants or in plants 
using high temperature processes. 


Description of Process 


At its Delaware refinery, Tidewater 
Oil Company built a hydrogen plant ca- 
pable of producing 30 million standard 
cubic feet per day to provide hydrogen 
for treating 88,000 barrels per day of 
fuels and reformer charge stock from 
low gravity high sulfur crudes. The plant 
has two identical trains in parallel, each 
designed to produce 15 million cubic 
feet per day. 

Hydrocarbon feed to the plant is LPG- 
grade propane, later changed to natural 
gas, which is thoroughly desulfurized to 
less than 1 part per million of sulfur. 
After pre-heating to 600 F, the hydro- 
carbon and steam enter the reforming 
furnace tubes. These vertical tubes are 
packed with nickel reforming catalyst 
which converts the hydrocarbon and 
steam into hydrogen, carbon dioxide and 
carbon monoxide. Subsequent equipment 
maximizes the hydrogen yield and puri- 
fies the product. 

These reforming furnaces are different 
from many others in use; they are de- 
signed to operate at relatively high pres- 
sures of 120 to 150 psi. The tubes operate 
at a skin temperature of 1600 to 1700 F 
and outlet reaction gas temperatures of 
1450 to 1500 F. 


Details of Furnace 


Divided into six cells, each furnace 
contains 180 vertical 30-foot tubes. Each 
cell has a row of 15 tubes on both major 
sides as shown in Figure 1. Initial ma- 
terial selection for these 5-inch OD tubes 
was a centrifugally cast 25 Cr-20 Ni 
stainless steel to resist the high tempera- 
tures and pressures, but procurement dif- 
ficulties arose. Consequently, one furnace 
was constructed of extruded high nickel 
alloy tubes (34 Ni-21 Cr). This furnace 
is the primary subject discussed in this 
article. 

The tubes were fabricated from two 
extruded 15-foot lengths. The circum- 
ferential weld which would be in the 
center of the firebox was made with a 
high nickel alloy welding rod (68 Ni-15 
Cr). The root pass was deposited under 
inert gas, but subsequent passes were 
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Abstract 


Describes case history of severe and rapid 
corrosion of hydrogen reforming furnace 
tubes during high temperature operation. 
Attack was caused by presence of residual 
welding slag, sulfur and reducing condi- 
tions. Welding slag wored a primary role 
in this corrosion, Explains repairs and 
modifications taken to correct the corro- 
sion problem. Emphasizes that thorough 
sandblasting is essential for complete re- 
moval of welding slag and elimination of 
its associated corrosion problems. 7.3 


made with a coated electrode. Welds 
were wire brushed after completion. 

The furnace is a forced downdraft 
design with gas burners on top and on 
each minor side of all six cells. Burners 
use either refinery fuel gas or LPG-grade 
propane, 


Description of Failure 
After the catalyst tubes had been acti- 
vated successfully at 1850 to 1900 F, the 
plant was put into service in September, 
1957, and was inspected frequently to 


insure uniform and correct tube wall 
temperatures. There was every indication 
that operation was proper. However, 


after only three weeks’ service, deposits 
developed rapidly on some tubes at the 
weld. Figure 2 shows the appearance of 
these incandescent growths while the fur- 
nace was in service. 

Within three days after deposits were 
first seen, the furnace was shut down for 
inspection because of the speculated cor- 
rosion and possible hazards associated 
with release of high pressure hydrogen. 
Figure 3 shows the appearance of the 
deposits when cold, Figure 4 shows the 
attack under the deposits after the scale 
was removed by chipping and sandblast- 
ing. Figure 5 illustrates the attack where 
deposits had run down the tube. 


Nature of Corrosive Attack 


Attack by residual welding slag on the 
tubes was suspected because the corrosive 
attack was localized in the weld area. 
Emission spectrographic analysis deter- 
mined the presence of calcium in the 
corrosion products, particularly at the 
interface with the metal. Welding rod 
flux would be the only source of this 
calcium. 

A primary function of welding flux is 
to dissolve the oxide film from metal 
during welding. However, alloys derive 
their heat resistance from this oxide film. 
If this passive film cannot be maintained 
in service because of the presence of 
welding slag, uncontrolled attack can re- 
sult with any high temperature alloy 
composition. 

Investigation of welding slag residues’ 
corrosivity showed that corrosive attack 
can be expected above temperatures from 
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1200 to 1300 F though certain slags are 
more corrosive than others.! The fluoride 
type fluxes are some of the most corro- 
sive and are quite susceptible to absorp- 
tion of sulfur in reducing atmospheres. 

Corrosion products on the furnace 
tubes also were analyzed for sulfur, show- 
ing as much as 11 percent. Though the 
furnace was designed to operate with a 
flue gas containing no more than 30 
grains of sulfur per 100 cubic feet, dif- 
ficulties in the fuel gas diethanolamine 
(DEA) scrubbing system had resulted in 
much higher concentrations of H,S in 
the fuel gas at the time of this severe 
tube corrosion. The furnace was fired 
for perhaps a full day with flue gas run- 
ning as high as 260 grains of sulfur. Be- 
cause of this high level, LPG-grade pro- 
pane was used exclusively for fuel the 
next day. 

The high cost of LPG as a fuel made 
it economically desirable to use refinery 
gas which had been scrubbed more ef- 
fectively. After re-introduction of the re- 
finery gas, the flue gas was between 122 
and 166 grains of sulfur. 

At the time of this fuel change, growths 
began to appear on the welds. After this 
development, the furnace was switched 
back to LPG and shut down after a day 
and a half. 

The flue gas duct from each of the six 
cells was connected to a breeching which 
went to a waste heat boiler and draft fan. 
Because of the in-line arrangement (Fig- 
ure 1), the Cell One had better draft 
than Cell Six. Measurements indicated 
that the draft varied from 0.4 to 0.1 
inches of water going from Cells One to 
Six. 

A high sulfur level can be particularly 
bad when coupled with reducing furnace 
conditions because H,S in the fuel may 
not be oxidized and is more corrosive in 
this form than as SO,. Residual slag 
also can accumulate sulfur from HS. 

Combustion had been difficult in the 
cells with the least draft. Though flue 
gas had excess oxygen, indicating an oxi- 
dizing condition, localized smokiness in 
the cell would indicate local reducing 
conditions. Severity of corrosion in the 
cells was roughly in an inverse relation- 
ship to the draft. The most severe attack 
was in Cells Four, Five and Six. 

Metallurgical examination of a damaged 

tube revealed that the attack was more 
severe than had been indicated after 
scale removal and_ sandblasting. Under 
the scale there was a dense, metal-like 
layer, shown in Figure 6. This phase was 
magnetic and slightly darker than the 
alloy. Analyses showed that 11.0 percent 
total sulfur was present in the form of 
chromous sulfide, iron chromium sulfide 
and nickel sulfide. 
_ Figure 7 shows the sharp demarcation 
line between the altered phase and the 
metal. There was no indication of inter- 
granular sulfidation as might be expected 
in high nickel alloys. The weld metal and 
parent metal were attacked and covered 
with the altered phase. 

Examination of the tube metal away 
from the severely corroded weld area 
indicated slight corrosion—perhaps 2 
mils at most. 
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Figure 3—Corrosion deposits on two furnace tubes when cold in Cell Six. 





Figure 4—Two furnace tubes in Cell Six after chipping and sandblasting. 





Figure 5—Two furnace tubes in Cell Four showing attack where deposits ran down from the weld area. 
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Figure 6—View of top surface and cross section of 
severely corroded furnace tube at weld. 


Repairs and Modifications 


Repairs were made to the corroded 
tubes by grinding out all the altered 
phase and re-welding with the original 
electrode. Complete removal of the al- 
tered phase was necessary because of its 
sulfur content and potential embrittling 
effect on new weld metal. Removal was 
checked visually and with sensitive mag- 
nets. The original welding rod was used 
to avoid mixing alloys. Inert gas welding 
with uncoated wire was not possible be- 
cause of the tight quarters for these field 
welds. 

Because of almost complete penetra- 
tion by corrosion, some tubes were re- 
moved. The catalyst was unloaded and 
the tube cut at the weld, beveled and re- 
welded, starting with an inert gas root 
pass. 

After re-welding, the surface was 
dressed with a grinding wheel. Then old 
and new welds were thoroughly sand- 
blasted with fresh, clean sand to remove 
all traces of slag. Laboratory testing indi- 
cated that sandblasting was necessary to 
remove slag so that attack would not 
occur, even in oxidizing, low (or no) 
sulfur flue gas. Grinding alone was not 
considered adequate because it could 
smear slag into the metal surface. 

Slag imbedded in pockets below the 
weld surface would not be deleterious be- 
cause the flue gas would not be in con- 
tact with it Thus, complete slag re- 
moval from intermediate welding passes 
was not essential from a corrosion stand- 
point but was desirable from a weld 
quality standpoint. 

The high sulfur condition in the re- 
finery fuel gas was corrected after modi- 
fications in the DEA system. The gas is 
monitored more carefully now to avoid 
unknowingly firing it in critical furnaces. 

Draft conditions were improved be- 
tween cells by blocking part of the in- 
dividual ducts leading to breeching with 
firebrick. Cell One had the most bricks 
because it was nearest the draft fan. 
Number of bricks in each duct was de- 
creased uniformly with none in Cell Six. 


After about two months’ operation fol- 
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Figure 7—Photomicrograph of area at one side of corroded weld at intersection of parent metal (lower 
left), weld metal (lower right) and altered phase (top). 64X 


lowing the repairs, several small spots 
developed on the tubes. The furnace was 
being examined as a precautionary meas- 
ure when these spots were discovered. 
Identification of calcium in the corrosion 
product indicated that this minor attack 
was the result of weld splatter slag not 
removed earlier and slag at a few spots 
where the new weld metal had not been 
cleaned completely. The weld splatter 
must have been from the original welds 
because there had been complete shield- 
ing during the repair work. 

The few spots in the new welds prob- 
ably were areas of subsurface slag un- 
covered during the dressing operation but 
not removed by subsequent sandblasting. 
The questionable areas were ground out. 
The attack had not been deep enough to 
require re-welding except in a few areas. 

Operation since this secondary inspec- 
tion has been satisfactory. There is every 
reason to believe that a long service life 
can be obtained with the repaired tubes. 

The furnace for the other train of the 
hydrogen plant was equipped with 25 
Cr-20 Ni tubes as originally specified. Be- 
cause of the tube failure in the first 
train, all welds were thoroughly sand- 
blasted before the furnace was put in 
service. No difficulties have been en- 
countered. 

Summary 

Catastrophic attack of 34 Ni-21 Cr 
furnace tubes was caused by the simul- 
taneous presence of residual welding slag, 
sulfur and reducing conditions. Impor- 
tance of the slag is supported by the fol- 
lowing facts: 

1. Base metal and weld metal were at- 
tacked in the same manner and degree 
where slag was present. 

2. Base metal free of slag was not at- 


will appear in the June, 1960 issue. 


tacked to any extent under the same 
high sulfur and reducing conditions exist- 
ing at the areas of severe attack. 

3. Minute slag particles from weld 
splatter and incomplete weld cleaning 
caused small areas of corrosion after the 
high sulfur and reducing conditions had 
been eliminated. 


4. Laboratory tests confirmed that at- 
tack by welding slag can occur even 
though reducing conditions and_ sulfur 
are not present, though the rate is much 
lower. 

For long service life, high sulfur and 
reducing conditions should be avoided 
even when residual welding slag is not 
present. 

For immunity from high temperature 
corrosion by welding slag, it is necessary 
to (1) thoroughly sandblast welds and 
splattered areas or (2) weld with a bare 
wire and inert gas to avoid introduction 
of flux or (3) prove the slag is innocuous 
by testing at all possible operating con- 
ditions. Cleaning the welds by wire 
brushing or even grinding is not adequate 
when operating in the corrosive range, 
which can be as low as 1200 to 1300 F. 
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Acidproof Floor Construction With Membrane and Brick 


A Report of NACE Technical Unit Committee T-6K on Corrosion 
Resistant Construction With Masonry and Allied Materials* 


Introduction 

HIS IS the second report prepared 

by Technical Unit Committee T-6K 
on Corrosion Resistant Construction with 
Masonry and Allied Materials. It is in- 
tended to supplement the first report on 
Acidproof Vessel Construction with 
Membrane and Brick Linings which was 
issued as Publication No. 57-6.1 The com- 
ments in the first report pertaining to 
purpose, terminology, presentation and 
development history also apply to this 
report. 

This report deals specifically with acid- 
proof floor construction involving a 
chemical resistant masonry type facing 
joined. throughout with a chemical re- 
sistant cement mortar applied over an 
impervious membrane on a suitable sub- 
floor. 

There are other types of acidproof 
floor construction such as thick asphalt 
mastic and filled resin toppings, with or 
without reinforcing, applied over a sub- 
floor. These are generally lower in in- 
stalled cost but also are generally less 
durable, particularly where severe service 
conditions and/or heavy traffic is in- 
volved. 

Choice of type of floor construction 
and materials should depend upon the 
following factors: (1) type of traffic, (2 
kind, amount and temperature of solu- 
tions or spillage expected, (3) personnel 
reactions, (4) maintenance and (5) ease 
of renewal. Acidproof brick floors are 
recognized as being the most economical 
type of construction where heavy traffic 
and severe corrosive conditions exist. 


Important elements of acidproof brick 
floor construction are (1) subfloor or 
Supporting structure, (2) impervious 
membrane over subfloor, (3) cement or 


mortar and (4) brick or tile facing. Dis- 
cussion of these is given below. | 
Typical cross section details and ap- 
plication procedure for acidproof brick 
floors are shown in Figure 1. As illus- 
trated, steps in the procedure are (1) 
cleaning floor, (2) applying primer, (3) 
applying first coat of asphalt membrane, 
(4) applying glass cloth reinforcement, 
(5) applying additional coats of asphalt 


*L. R. Honnaker, T-6K Chairman, E. I. du 
Pont de Nemours & Co., Wilmington, Del. 


membrane, (6) buttering brick with resin 
cement and (7) placing brick in place. 

Failures of acidproof brick floors fre- 
quently result from flexing of subfloor, 
inadequate thickness of brick and _ in- 
adequate pitch for drainage. Attention 
should be given to these items and to 
materials and workmanship when floors 
are installed. 


Subfloors 

It is fundamentally important to have 
a sound and rigid subfloor to support 
acidproof brick construction. Reinforced 
concrete is recommended for new floors. 
Steel subfloors are used infrequently and 
generally only where weight limitations 
prohibit use of concrete. Wood subfloors 
are considered unsatisfactory primarily 
because of movement problems. 

Before flooring materials are applied, 
the subfloor should be examined, and any 
unsound or contaminated areas replaced. 
In the case of concrete, all damaged or 
questionable areas should be chipped out 
and replaced. Adequate floor slope for 
good drainage is important. Slope should 
be at least 3/16 inches and preferably 
Y4 inches per foot towards drains or 
trenches. Low spots should be avoided 
because finished floor will follow contour 
of subfloor. 

Floor toppings of concrete are gen- 
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Abstract 


Deals with acidproof floor construction in- 
volving a chemical resistant masonry type 
facing joined with a chemically resistant 
cement mortar applied over an impervious 


membrane on a suitable subfloor. Discusses 
factors determining the type floor construc- 
tion required. Presents the steps in ap- 
plying the brick construction including 
cleaning, priming, membrane coating and 
brick placement. 8.1.2 


erally used to establish slope if changes 
are required. Care should be taken when 
applying concrete toppings including 
patch areas so that good bond is obtained 
between new material and the base slab. 
Floor slab and repaired area surfaces 
should have a smooth wood float finish 
in preference to a steel trowel finish to 
provide good adhesion of an asphalt type 
membrane. Concrete should be dry, clean 
and well cured before application of 
membrane is started. 


Membranes 

Impervious membranes are used to 
provide a chemical resistant barrier be- 
tween subfloor and brick facing. Their 
use is considered necessary since the 
brick and mortar materials may be some- 
what porous or discontinuous as applied 
with resulting leakage. The most com- 
monly used .membrane material is oxi- 
dized unfilled asphalt mastic (over 95 
percent of applications). This material 

















































































Figure 1—Steps in application of acidproof brick floors. 
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is generally reinforced with glass cloth 
in corners and over edges at trenches, 
etc., on the vertical surfaces of trenches 
and frequently on the flat surfaces of 
floors and trenches. The trend is towards 
reinforcement of mastic membranes on 
all surfaces to minimize movement and 
separation in the membrane. 

Concrete subfloors, curbs, vertical sur- 
faces, machine foundations, trench and 
sump pit sides and bottoms, etc., and 
any metal sub-surfaces which are to re- 
ceive acidproof brick facings should be 
primed with an asphalt base material 
thinned with a petroleum solvent to 
brushing consistency. Asphalt content of 
primer should not be less than 35 per- 
cent by weight. In other respects the 
primer should conform to ASTM D-41. 
A sufficient quantity of primer should be 
used to provide thorough coverage, and 
the primer should be allowed to dry be- 
fore applying the membrane material. 

The matrix asphalt used to build up 
membrane should meet the requirements 
(ASTM D-5 Penetration of Bituminous 
Materials) given in Table 1. 

Matrix asphalt should be heated to 
250 to 400 F and applied to the primed 
surfaces with a squeegee. Multiple coat 
application should be made to thickness 
requirements; each coat should be in- 
spected for blisters and pinholes. If pres- 
ent, they should be broken and _ filled 
before applying subsequent coats. A min- 
imum thickness of % inch is recom- 
mended; 3%-inch thickness is frequently 
used for heavy or severe service applica- 
tions. A wooden straight edge should be 
used to insure a flat, smooth surface. 

Asphalt-coated glass cloth is recom- 
mended for membrane reinforcement at 
corners, edges, etc. When used, the cloth 
should be applied following the first coat 
of asphalt and extended 3 to 6 inches 
onto the flat surfaces. Where glass cloth 
is used on flat surfaces, it should be 
overlapped at least two inches. Finished 
thickness of membrane is obtained by 
applying the subsequent coats of asphalt 
directly over the glass cloth reinforce- 
ment. 

The principal exception to use of as- 
phalt as the membrane is an installation 
where solvents are involved. In these 
cases a glass cloth reinforced resin mem- 
brane is used. A suitable primer should 
be applied on the subfloor to prevent re- 
action with the concrete if an acid cata- 
lyst or hardener is used with the resin 
materials. 

Cement 

Selection of cement mortar to be used 
for laying the brick depends primarily 
upon service conditions involved. Prin- 


TABLE 1——Matrix Asphalt Requirements 


Melting point 


Penetration Test 


" Degrees F | Grams | Seconds 
Oe ie f 
oe 100 5 | 
| 


...-200 to 220 F 


less than 70 
35-45 


200 25-35 


not less than 90% 


65-75 Ib/cu ft 


Bitumen soluble in CS2 


Weight. 


30t 


cipal cements used for bedding and joint- 
ing brick on floors are the furan resin, 
phenolic resin and sulphur base types. 
The chemical resistance of these is sum- 
marized in the NACE Publication No. 
57-6.4 The silicate type cements are sel- 
dom used because they are easily eroded 
by liquids and have poor resistance to 
water and solutions above 6 pH. Polyester 
resin base cements are used in some in- 
stances where resistance to sodium hypo- 
chlorite or chlorine dioxide is required. 

Use of sulphur cement requires that 
poured joints be used. A bed joint is 
obtained by placing the brick on %-inch 
spacing chips of cement and pouring the 
molten sulphur cement in the vertical 
joints so as to run under the brick. Care 
in application is necessary to avoid air 
locks and voids. Because of this difficulty 
with sulphur cement bed joints, fre- 
quently brick are laid directly on mem- 
brane. 

Installation of brick in sulphur cement 
bonded floors should be started at the 
area’s low point (adjacent to drains or 
trenches) and the bricks spaced to pro- 
vide a uniform joint thickness of 1% inch. 
A %-inch wooden strip generally is used 
in the longitudinal joints to provide ac- 
curate spacing. The pattern of brick 
should be common bond with the cross 
joints alternately in line. When a suffi- 
cient area has been laid, the molten sul- 
phur cement should be poured into the 
joints, progressing from brick to brick. 
The first pour should be made to within 
4, inch of the face of the brick, followed 
by a second pour to fill the joints with 
slight overpour. Interval between pours 
should be long enough to allow.the orig- 
inal material to settle in the joint but 
short enough to permit the second pour 
to bond to the previously poured joints. 
Progressive joint length of several feet 
can generally be poured satisfactorily. 

Where curbs and vertical protecting 
walls are involved, the vertical, cross and 
bed joints should be %4-inch thick. Bed 
joints should be formed by spacers. Faces 
of joints in vertical surfaces should be 
masked with paper or cloth to retain 
cement. Molten sulphur cement should 
be poured progressively into the cross 
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joints and back space of each course to 
a level about one-third of the brick thick- 
ness. Subsequent courses should be laid 
in a similar manner to complete vertical 
facing. 

Use of resin cements permits conven- 
tional brick laying techniques to be used. 
Tilesetters’ method is seldom used _be- 
cause of the uncertainty or difficulty of 
obtaining full thin joints in the thickness 
of brick desired for chemical resistant 
floors. Precaution should be taken to see 
that concrete and steel surfaces are com- 
pletely primed and covered with mem- 
brane because most of the resin cements 
contain acid catalysts as hardening agents. 
Lack of priming barrier coat can result 
in neutralizing or weaking to such an 
extent that adequate setting of cement 
does not occur. 

Installation should be laid by starting 
from one wall and working towards the 
opposite end. If long trenches are in- 
volved, it is generally desirable to start 
along edge of trench. The contact ver- 
tical edges of the brick should be but- 
tered and the brick set directly on the 
asphalt membrane where bed joints are 
not used. Brick should be squeezed to- 
gether to obtain joints approximately 
Yg-inch wide; excess cement forced out 
of joint should be removed with a trowel. 
Where a bed joint is used, a thin layer 
of mortar, approximately ¥-inch thick- 
ness, should be spread on top of the as- 
phaltic membrane before laying the 
brick. The bricks are tapped as they are 
laid to level with adjacent brick and 
squeezed together to obtain proper width 
of joint. Brick in trenches and curbs are 
installed in a similar manner using but- 
tered faces and tapping techniques to 
obtain full joints of the desired spacing 


Brick 

Three basic types of industrial floors 
in which brick thickness varies depend- 
ing upon severity of service are light 
duty, heavy duty and extra heavy duty. 

Light duty construction, with 114-inch 
brick thickness, is used primarily where 
corrosive conditions are mild and there 
is little or no traffic. Use of grooved 
back brick or tile is generally considered 
undesirable; if used, the grooves should 


TABLE 2—Brick Sizes and Amount of Materials Required Per Square Foot 


| | 
Brick 

Thick- 

Type of Floor (Inches) 
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Asphaltic primer coverage is 0.01 


ness Size of Brick 
(Inches) 
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gal. per square foot. 


Per Square Foot 

Width of Sulphur 
Vertical 
Joints 
(Inches) 


Resin 
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No. of Cement | Cement 
Brick (Lb) (Lb) 
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Asphaltic membrane at 44 in. thickness is 1.5 lb per square foot. 


Above figures are based on average practice. 


Quantities may vary, depending upon individual conditions, at the job. 
Excess waste and irregular brick require additional material. 


\% in. bedjoint requires 3.58 lb sulphur based cement per sq. ft. 
4% in. bedjoint requires 1.05 lb carbon filled resin based cement per sq. ft. 
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be tilled with cement mortar before tile 
are laid. This thickness generally is con- 
sidered to be inadequate for chemical 
plant floors. 

Heavy duty construction, with 2'/-inch 
brick thickness, is used where chemical 
exposures are severe and traffic is mod- 
erate, including light lift trucks. 

Extra heavy duty construction, with 
334-inch brick thickness, is used where 
heavy traffic and impact loading may 
be involved. Sizes of the brick shapes 
generally used and the amount of ma- 
terials required per square foot of floor 


ACID-PROOF FLOOR CONSTRUCTION WITH MEMBRANE AND BRICK 


for typical construction is summarized in 
Table 2. 
Costs 

Installed cost of this type floor con- 
struction varies with area size, materials, 
installation details and location. A gen- 
eral estimate can be made for installed 
cost at $2 per square foot for light and 
heavy duty construction and $2.75 per 
square foot for extra heavy duty con- 
struction. These figures are for areas of 
2000 square feet and larger. They in- 
clude primer, asphalt mastic membrane 
and fireclay brick laid and bedded in 
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resin cement mortar. If bed joint is not 
used, cost will be reduced approximately 
30 cents per square foot for resin ce- 
ments and 20 cents per square foot for 
sulphur cements. Use of sulphur cement 
in place of resin cement may reduce cost 
about 5 percent. Use of shale brick in 
place of fireclay brick may reduce cost 
about 5 percent. 
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Translations of Foreign Terms 
On Corrosion of Metals* 


Preface 
HE ATTACHED table, giving defi- 


nitions of corrosion terms in English, 
French, German and Russian was sent to 
Paul Delahay, Louisiana State Univer- 
sity, Baton Rouge, La., chairman of the 
subcommittee on foreign relations of the 
Inter Society Corrosion Committee by 
Prof. G. Schikorr, Chemische Landesun- 
tersuchungsanstalt, Stuttgart, Germany. 
Dr. Schikorr, a German representative on 
the ISCC subcommittee on foreign rela- 
tions, has long been active in eorrosion 
investigations in his own country and has 
an enviable international reputation for 
his work. 

As an appendix to the table, and for 
the reasons given in the appendix, a 
separate table is added to the reprinted 
information, defining some of the differ- 
ences in the meanings of the terms as 
they are understood in the United States. 

It is believed that these definitions will 
be useful to investigators who find valu- 
able reports of corrosion control work 
in languages other than their own and 
who need a precise understanding of the 
terms used. 


*% Re ~printed by permission of the German Bureau 
of Standards. Publication DIN 50 900, Septem- 
ber 1958. The foreign translations were ap- 

roved by the Deutschen Normenausschuss, 
Berlin W 15. 


Credit for this work is due to U. R. 
Evans, University of Cambridge, Eng- 
land, who compiled the English version; 
Centre Belge d’Etude de la Corrosion, 
Brussels, whose workers compiled the 
French version; W. Meister, Leiter des 
Amtes fur Standardisierung der Deut- 
schen Demokratischen Republik, who 
compiled the Russian version. R. B. 
Mears, United States Steel Corp., Mon- 
roeville, Pa. and his co-workers supplied 
the terms included in the appendix. There 
is an inherent difficulty in reviewing 
translations of this kind because defini- 
tions used for similar terms differ from 
nation to nation. For instance, Items 1.23 
and 1.231 define a corrosion cell and a 
local cell, respectively. Such a differen- 
tiation is not made in the United States. 
The definition in the “Corrosion Hand- 
book” edited by H. H. Uhlig (John 
Wiley & Sons, Inc., N. Y.) states: Local 
Cell. A cell, the emf of which is due to 
differences of potential between areas on 
a metallic surface in an electrolyte. There 
is no reference to size of areas as in Item 
1231. 

Another discrepancy between German 
and American terminology becomes ap- 
parent in Items 1.24, 1.241 and 1.26. The 
first item defines corrosion of a metal 


Fremdsprachige Ubersetzung der Begriffe 


Allgemeine Begriffe |General Terms 


Korrosion 


Elektrochemische 
Korrosionsbegriffe 


Elektrochemische 
Korrosionstheorie 


Veredelung 
bzw. Verunedelung 
des Potentials 


Korrosionselement 
Lokalelement 


Beriihrungskorrosion 


Kontaktkorrosion 


Fernschutzwirkung 


Spaltkorrosion 


Fremdstrome, 
Irrstrome (vaga- 
bundierende Stréme) 


englisch 


corrosion corrosion 


electrochemical 
corrosion terms 


electrochemical 
corrosion theory 


shift towards a more 
noble (or less noble) 


franzésisch 


Termes Généraux 


termes de corrosion 
électrochimique 


théorie de la corrosion 
électrochimique 


anoblissement ou 
avilissement de 


Abstract 


A table is given in which terms commonly 
used to describe corrosion control work 
are arranged according to like meaning in 
German, English, French and Russian. An 
appendix lists some definitions and mean- 
ings which differ from those in the table 
according to the understanding of oo 
meaning in the United States. 1.4 


with other materials including non- 
metals. In the second instance, corrosion 
is limited only to metals in conductive 
liquids. The last definition describes 
crevice corrosion as occurring in crevices 
that are present in the metal itself or 
formed by contaet with other objects, 
American terminology makes no such dis- 
tinction. The “Corrosion Handbook” de- 
fines: Contact Corrosion (Crevice Corro- 
sion). Corrosion of a metal at an area 
where contact is made with a material 
usually non-metallic. 

The following suggestions concerning 
the English translation are based mainly 
on the terminology used in the United 
States; the Russian translations on termi- 
nology used in G. V. Akimov’s book, 
“Theory and Research Methods of Me- 
tallic Corrosion” (Publishing House of 
the USSR Academy of Science, Moscow, 
1945 


russisch 


OdumMe TepMuHEI 
Koppo3ua 
TCPMMUHbI, OTHOCHIAMCCA 


K 9JIEKTPOXHMNYeCKON 
Koppo3uu 


TeOpuA 9JIEKTPOXUMN- 
yeckou KOppo3nn 


yayuuennue umn 
yxyymenne noren- 


Janu 


potential 


corrosion cell 


local cell 


crevice corrosion, at 
a contact with non- 
metallic material 


corrosion at a contact 
with a second metal 
cathodic protection 


crevice corrosion 


current from external 


sources, stray currents 


*) Die Abschnitte beziehen sich auf DIN 50 900. 
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potentiel 


pile de corrosion 


pile locale 


corrosion par contact 


corrosion par contact 


action protectrice 
a distance 


corrosion dans les 
fissures 


courants vagabonds 
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KOPpO3MOHHbM 9eMeHT 


MCCTHbIM 9JIEMCHT 


KOPpoO3MA COMpMKOCHO- 
BeHMA 


KOHTAKTHaA KOppo3uA 
UUCTAHUMOHHOe 3allutT- 
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Korrosionserscheinungen 


EbenmaBiger Angriff 
LochfrafB 

Narbe 
Durchlécherung 


Interkristalline Korro- 
sion, Korngrenzen- 
korrosion 


Transkristalline (intra- 
kristalline) Korrosion 


Selektive Korrosion 
Schichtkorrosion 


Sonstige allgemeine 
Begriffe 


Passivitat 
Schutzschicht 
Anlaufen 


Beizen 
Inhibitor, Hemmstoff 


Besondere Begriffe 


Korrosion unter Wasser- 
stoffentwicklung 


Beizsprodigkeit 


Beizblasen 


Sparbeizzusatz 


Sparbeize 


Korrosion unter Sauer- 
stoffverbrauch 


Unterschiedliche 
(differentielle) 
Beliftung 


Beliiftungselement 


Schwitzwasser- 
korrosion 


Rost 
Flugrost 
Fremdrost 


corrosion phenomena 
on the metal 


uniform attack 

pit 

saucer-shaped pit, scar 
perforation 


intercrystalline 
corrosion, inter- 
granular corrosion 


transcrystalline 
(intracrystalline) 
corrosion 


selective corrosion 


layer-corrosion 


further general terms 


passivity 
protective layer 


tarnishing '), heat- 
tinting *) 
pickling 


inhibitor 


Special Terms 


hydrogen-evolution 
type of corrosion 


embrittlement caused 
by pickling 


blistering caused 
by pickling 
pickling inhibitor 
pickling bath containing 
an inhibitor 


oxygen-consumption 
type of corrosion 


differential 
aeration 


differential aeration 
cell 


corrosion by 
condensation of 
moisture 


rust 


rust from external 
sources 


‘) wenn in unreiner Luft bei normaler Temperatur erzeugt 
*) wenn bei erhéhter Temperatur erzeugt 


formes de corrosion 
des métaux 


attaque uniforme 
piquire 

balafre 
percement 


corrosion inter- 
cristalline, corrosion 
a la limite des grains 


corrosion trans- 
cristalline (intra- 
cristalline) 


corrosion sélective 


corrosion en strates, 
corrosion feuille tante, 
corrosion ex foliente 


autres termes 
généraux 


passivité 
couche protectrice 


ternissement, voilage 


décapage 


inhibiteur 


Termes Particuliers 


corrosion avec 
dégagement 
d’hydrogéne 


fragilité de décapage 


soufflures de décapage 


économiseur de décapage 


décapant avec 
économiseur 


corrosion avec 
consommation 
d@’oxygéne 


aération différentielle 


pile d’aération 
différentielle 


corrosion par eau 
de condensation 


rouille 


rouille erratique, rouille 
pérégrine 


ABJICHHA KOPpo3MM B 
meTajax 


PaBHOMepHaA KOppo3vA 
KOPpO3MOHHAA A3Ba 
KOppo3va NATHAMM 
CKBO3HaA KOppo3uA 


M@XKPMCTaNIUTHAA 
KOppo3uA, Koppo3ua 
m0 rpaHulamM 3epeH 


TPaHCKPUMcTaNNIMTHAA 
(uHTpaKpNcTasNIMTHAAR) 
KOppo3“A 


u36upaTenbHad KOppo3uA 


cnoeBpan KOppo3uA 


mpoume oOmme TepMMHBEI 


MaccuBHOCTb 
3allIMTHbM con 


mo6exaocTh 


TpaBleHne 


UHTMOUTOP, 3aMeAJIIMTeIb 
KOppo3mn 


CneumMasbupie 
Te€PMMHbI 


KOPpO3MA C BbhIACIICHMeCM 
Boyopora 


XPYNKOCTL OT TpaBIeHNA 
My3bIpu OT TpaBseHna 


mpucayKa K mpoTpasBe 


mpoTpaBa c mpucayKonu 


Koppo3ma c noTpebne- 
HHeM KMCIO0po7a 


HeowMHAaKOBLIM (mucbdbe- 
PeHIMaNIbHbM) JOcTyl 
Bo3qyxa 


9JIEMeHT JOCTyNa BO3ayxa 


KOPpoO3MA OT KOHZCHCAaT- 
HOKU BOI 


pRaBinna 
HaJieT D2#KaBUNHbl 


“ymanA pRaBinna 








2.24 
2.25 
2.26 


2.27 


2.28 
2.29 


2.3 


2.31 


2.32 
2.321 
2.322 


2.33 


2.34 


2.4 


2.41 


2.42 


2.43 


2.44 
2.441 


2.45 


3.1 
3.11 


3.12 


3.121 


3.122 


3.123 


3.124 
3.125 
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WeiBer Rost 
Nichtrostender Stahl 


Spongiose 
(Graphitierung) 


Griinspan 


Patina 


Entzinkung 


Verzunderung 


Hitzebestandigkeit 


Zunder 
Zunderausbliihungen 
Schwefelpocken 


Wasserdampfspaltung 


Wasserstoffkrankheit 
des Kupfers 


Korrosion unter 
gleichzeitiger 
mechanischer 
Beanspruchung 


Spannungskorrosion 


Interkristalliner Ri8, 
Korngrenzri8 


Transkristalliner Ri 
(intrakristalliner RiB) 


Reiboxydation 
Bluten 


Korrosionsermiidung 
Korrosionspriifung 


Priifungsarten 
Priifung 


Laboratoriums- 
versuch 
Dauertauchversuch 


Riihrversuch 


Wechseltauchversuch 


DurchfluBversuch 
Feuchtlagerversuch 


white rust 
stainless steel 


graphitization 
verdigris 


patina 


dezincification 


high temperature 
scaling 


heat-resistivity 


scale 


sulphur pockmarks 


decomposition of 
water-vapor 


hydrogen-embrittle- 
ment of copper 


corrosion under 
mechanical stress 


stress corrosion 


intercrystalline crack 


transcrystalline crack 


fretting corrosion 


corrosion fatigue 
Corrosion Testing 


methods of testing 
testing 


laboratory test 
total immersion test 


stirring test 


alternate immersion 
test 


continous flow test 


high humidity and 
condensation test 


rouille blanche 
acier inoxydable 


graphitisation 


vert-de-gris 


patine 


dézincification 


écaillage 


résistance a la 
chaleur 


écaille (calamine) 
écaillage 
pustules sulfureuses 


décomposition de 
vapeur d’eau 


fragilité l’hydrogéne 
du cuivre 


corrosion sous 
contrainte mécanique 
simultanée 


corrosion sous 
tension 


fissure inter- 
cristalline, fissure 
aux joints de grains 


fissure trans- 
cristalline (fissure 
intracristalline) 


oxydation par frottement 
saignement, saignée 


fatigue sous corrosion 


Essais de Corrosion 


sortes d’essais 


essai 


essai de laboratoire 


essai par immersion 
compléte 


essai avec agitation 


essai par immersion et 
émersions alternée 


essai avec circulation 


essai de stockage 
humide 
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6enaAn pmaBunHa 
HepaBewljad CTalb 


winmaHruo3 (rpacbuTpupo- 
BaHne) 


AD-MeAHKAa (OCHOBHAaA 
YKcCyCHOKNCIaA Meb) 


naTuna 


KOppO3MA UMHKA B 
qlaTyHu 


o6pa30BaHHe OKaJIMHbI 


KAaPOcTOUKOCTL 


oKaJINHa 
BBILIBeTbI OKaJIMHbI 


cepHaa OCcria 


paciujenzeHue BO,AHOTO 
napa 


BoyoporHaAR 6one3Hb 
Mequ 


KOppo3MA pM O7HOBpe- 
Me€HHOH MexaHM4ecKkon 
Harpy3Ke 


KOppo3MA nox Hanpame- 
HUeM 


M@XKKPUCTAIIUTHAA 
TpewlMHa, UHTep- 
KPUCTAaJIINTHAA 
TpeumMHa 


TPpaHCKPUCTaJIUTHAA 
(“HTPaKPUMCTAIIUTHAA 
TpelHa) 

OKMCIeHNe NpM TPeHMM 


KPOBOTOUeHUNe 


KOPpO3MOHHAA YCTAIOCTb 


Koppo3MoHHble 
MCIbITAHNA 


BHbI MCNBITAHMH 


UCIbITaHHVe 


na6opaTopHoe MCIIbITa- 
HnHe 


QJIMTeNIbHOe NCHbITAaHNe 
mpu norpymennun 


ucnbiranve mpu norpy- 
*KeHUM B MepeMeLIMB- 
HOU arpeccuBHOK cpene 


UYCIIbITaHMe IPM mrepe- 
MC€HHOM NorpyxeHun 


TIpOTOUHoe UCIbITAHNe 


MCNbITaHve mpu xpaHe- 
HViM Ha BiaKHOM 
Bo3ayxe 
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Spriihversuch (salt-)spray test essai au brouillard VvChbITaHVe IIpu pa3- 
salin 6pEI3sruBaHun 


Kochversuch corrosion test in essai 4 l’ébullition MCIIbITaHue mpu 
boiling liquids KYnAYeHMN 


Dampfversuch steam test essai a la vapeur UCIIbITanHNe B BOZAHOM 
mape 


DruckgefaBversuch test at pressures above essai a l’autoclave UCIbITaHMNe B HaMopHom 
atmospheric coeyze 


Naturversuch field-test essai naturel UCIbITaHMNe B eCTECTBEH- 
HbIX yCJIOBMAX 


Bodenkorrosions- soil corrosion test essai de corrosion UCbITaHNe Ha MOUBeH- 
versuch édaphique HY!O KOppo3u1o 


Schnellkorrosions- accelerated essai de corrosion ycKopeHHoe Ucribiranne 
versuch corrosion test accélérée Ha KOppo3M10 


Kurzzeitversuch test of short duration essai de corrosion KPaTKOCpouHoe NCrBI- 
de courte durée TaHne 


Langzeitversuch test of long essai de corrosion AIUTEIBHOe UCIbITAHNe 
duration de longue durée 


Probenarten types of specimen sortes d’échantillons BHbI o6pa3n0B 
Priifstiick object submitted échantillon UCIIbITyeMaA eTasb 
for test 


Probe test specimen éprouvette o6pa3en, 
| test bar 


Hebelprobe lever-test bar éprouvette PbIuaRHEM o6pa3zer 
élastique 


Biigelprobe —_— éprouvette en étrier cKo6oo6pa3sHEm obpa3ery 
Gabelprebe fork-test bar eprouvette en fourche BUNIKOObpa3sHEM obpa3zeL 
Schlaufenprobe loop-test bar eprouvette en boucle netmeo6pa3HEm obpasery 


Priifungsfliissigkeiten test solutions liquides d’essai #KMIKOCTH WH MCIBI- 
TaHMi 


Destilliertes Wasser distilled water eau distillée WeCTUIJIMpOBaHHad Boa 
Modellésung standardized test solution type MOJCJILHLIM PacTBop 
solution’ 


Kiinstliches artificial seawater eau de mer UCKYCCTBCHHaA MOPCKaA 
Meerwasser artificielle Bonza 


Oxydische sodium chloride solution de chlorure OKCMHbIM pacTBOop 
Kochsalzlésung solution containing de sodium oxydante TIOBaPeHHON CoM 
hydrogen peroxide 


Ferroxyl-Indikator ferroxyl indicator indicateur ferroxyle cbeppoKkcunbHbM UAK- 
KaTop 


Appendix—Some American Definitions of Foreign Corrosion Terms 


Language Suggested Translation 


Russian IJIEKTPOXHMHYECKAS, (KOPPOSHOHHAS) MAPA 

English Corrosion due to contact with other (also non-metallic) materials 
French Corrosion par contact en présence de liquides 

French Protection cathodique 

Russian KATOJIHOE 3ALUHTHOE JEMCTBHE 
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Appendix (Continued)—Some American Definitions of Foreign Corrosion Terms 


item Language Suggested Translation 


1.32 Russian MMTTHHE 

1.33 Russian PYBELL 

1.43 Russian MOTYCKHEHHWE METAJIVIA 
2.13 Russian MHIMBUTOP 

2.14 Russian MPOTPABA C HHTHBHTOPOM : 
2.21 Russian JIM®®EPEHLMAJIBHAA ADPALINA Ss‘. 


2.211 Russian MAPA JIM@®EPEHUMAJIbHOM APALIMH oe 
2.26 Russian rPA®UTH3ALIMA Be 
2.29 Russian OBECLIMHKOBAHHE JIATYHH J Susce 
2.31 Russian TEPMOCTOPIKOCTb The 
2.34 Russian BOJIOPOJIHAA. XPYTIKOCTb fom 


3.1 Russian METOJ{ibI HCNbITAHHMA , alumi 
3.121 English Stagnant immersion test 

3.121 French Essai par immersion (sans agitation) 

3.122 English Agitated immersion test 

3.122 Russian UCMbITAHHSH MPH MEPEMELUMBAHHMH 

3.129 English Autoclave test 


3.131 French Essai de corrosion dans le sol : — 


3.15 English Short-time test F dictio 
' more 
-  tergra 


3.16 English Long-time test . oo 


3.23 English Cantilever beam specimen 
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3.24 English Buegelprobe = Horseshoe specimen or U-bend specimen 
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Evaluation and Improvement of Methods for 


Detecting Intergranular Corrosion 
Susceptibility in Aluminum Alloys 


By SARA J. KETCHAM and WALTER BECK 


Introduction 
USCEPTIBILITY TO intergranular 
corrosion in aluminum alloys used 

for structural aircraft applications is a 
potential source of service failures upon 
exposure to stress and corrosive environ- 
ments. Because improper heat treatment 
procedures are held responsible for the 
susceptibility, inspection tests are con- 
ducted subsequently to heat treatment. 
The most widely used test method is a 
6-hour immersion in a NaCl-H,O, solu- 
tion, required by the military specifi- 
cation concerning heat treatment of 
aluminum alloys. 

However, considerable evidence indi- 
cates that this method is not sensitive 
enough for Al-Zn alloys, particularly 
7075, which is used for integrally stif- 
fened wing construction in current air- 
plane designs. Information available on 
the subject is contradictory, the method 
being reported as satisfactory in some 
cases, but in others as relatively insensi- 
tive. 

The work described in this article was 
instigated by the Bureau of Aeronautics 
to determine the reason for these contra- 
dictions and to develop, if possible, a 
more sensitive method for detecting in- 
tergranular corrosion susceptibility in 
7075-T6 aluminum alloy. 


Experimental Procedure 

Material and Heat Treatment 

Alloy 7075-T6, 0.064 inches thick, was 
used for the experimental work. Sheets 
were sheared into 3-inch by 10-inch 
panels, solution heat treated at 493 C 
for 30 minutes, quenched in water and 
then aged at 121 C for 24 hours. Tem- 
perature of the quenching water was va- 
ried. One set was quenched in_ boiling 
water, one in cold water (21 C.) and 
the third in water at 66 C. Tensile, yield 
and elongation values were obtained for 
each set and susceptibility to intergranu- 
lar corrosion determined by the NaCl- 
H,O,, 6-hour test. 


Preparation of Specimens 

All specimens were degreased, im- 
mersed | minute in a solution containing 
3 percent HNO,, 0.5 percent HF, rinsed, 
immersed in concentrated HNO, for 1 
minute, rinsed in distilled water and 
dried in acetone. 


Testing Methods 


Solutions used for investigating sus- 
ceptibility to intergranular corrosion in- 


_—_— 
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cluded 1N NaCl without and with addi- 
tion of HCl and H,O,. A solution also was 
used containing K,Cr,O,, NaCl and CrO,, 
which is often used in stress corrosion 
testing of aluminum alloys. The electro- 
lytic method consisted of making the 
specimens anodic in various dilute acids 
and in NaOH and NaCl solutions. These 
screening experiments were performed on 
material known to be susceptible to inter- 
granular corrosion. 

The procedures most effective in de- 
tecting intergranular corrosion suscepti- 
bility were the 6-hour immersion in a 
solution of IN NaCl with 0.3 percent 
H,O, and the electrolytic method with 
IN NaCl as the electrolyte. These meth- 
ods, therefore, were investigated in greater 
detail. 


Study of the NaCl-H,O, Method 


Because decomposition rate of H,O, 
was considered the most important vari- 
able, change of concentration of H,O, 
during the 6-hour test period was deter- 
mined by titration with permanganate. 
This experiment was made at three tem- 
peratures: 26C, 35C and 41C. The result- 
ant effects on specimens susceptible to in- 
tergranular corrosion were determined 
metallographically. 

In addition, a few experiments were 
made changing the NaCl concentration 
but maintaining the concentration of 0.3 
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Abstract 


Present methods for determining suscepti- 
bility to intergranular corrosion in alumi- 
num-zine alloys were considered inadequate 
and attempts were made to improve or re- 
fine them. NaCl-H2O2 and electrolytic tests 
and modifications were studied. Results ob- 
tained with electrolytic method showed good 
correlation with results of NaCl-H2O: test. 
The latter is believed to be more sensitive 
under optimum conditions, but the varia- 
bles inherent in the use of H2Oz are diffi- 
cult to control. Electrochemical processes 
by which the various methods accelerate 
intergranular corrosion are discussed. 
Modification of the present inspection 
method is recommended, and a quantita- 
tive method for assessing degree of severity 
of intergranular penetration suggested. 


percent H,O,. Experiments were made on 
sensitive material for 1 hour and 6 hours 
in 0.01IN and 1N NaCl both with 0.3 
percent H,O,. In another group of ex- 
periments, using 1N NaCl, the concen- 
tration of H,O, was increased to 0.6 per- 
cent. In all experiments, the volume to 
area ratio was kept constant at 30 ml of 
solution per square inch as required by 
specification.! 


Study of the Electrolytic Method 


1N NaCl was selected as the most sat- 
isfactory electrolyte because, in the ma- 
jority of the solutions tried, a constant 
current could not be maintained. Speci- 
mens, 5 inches by | inch by 0.064 inches, 
were then prepared from improperly heat 
treated material, 1 inch of each used for 
the NaCl-H,O, test and the remaining 
4 inches for the electrolytic test. The 
amount of attack that occurred on the 
portions used for the NaCl-H,O, test was 
taken as a standard, and time and cur- 
rent density varied until a similar amount 
of attack occurred on the material from 
the same specimens during the electrolytic 
test. The most satisfactory combination 
of current density and time appeared to 
be 0.065 amps per sq. in. for 20 minutes. 
With these conditions, a large number of 
specimens repre senting the three quench- 
ing rates were subjected to the NaCl-H,O, 
and the electrolytic methods to ascertain 
the degree of correlation obtainable be- 
tween the two techniques. Corrosion ex- 
periments also were conducted on 2024- 
T3 aluminum alloy. 


TYPE A TYPE 8 


Figure 1—Illustrations of severity of attack. ——_ 
report: 3 areas B, 2 areas C, 1 area D. 154X. 
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Yrero STRENGTH 


TEMP. OF QUENCHING WATER 
Cc A= 21°C 
B - 66°C 

C - 100°C 


RESULTS OF 
NaCi-Ho00 ANO 
Evecrrorytic Tests 
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a ONLY 


Ee INTERGRANULAR 
ATTACK 


Figure 2—Effect of quenching rate on mechanical properties and corrosion of 7075-T6. 


Metallographic Technique 

Subsequent to the corrosion experi- 
ments, corrosion products were removed 
from the specimens by immersion in 2 
percent CrQO,-5 percent H,PO, (both by 
weight) solution at 88 C for 10 minutes. 
In all cases, the edge polished for exami- 
nation was cut after the corrosion tests. 


Method for Comparative Evaluations 

of Intergranular Corrosion 

Severity of intergranular attack was 
evaluated by a procedure developed by 
the Douglas Aircraft Company for con- 
trol of aluminum heat treatment.? Areas 
of severity from A to E based on depth 
and width of intergranular attack were 
established (Figure 1) and the number of 
each type of area counted over a certain 
specimen length, in this case, 0.5 in. The 
maximum depth of penetration also was 
recorded. If attack was relatively con- 
tinuous, the length of each area of one 
severity also was measured. The examina- 
tion is conducted at a magnification of 
500 diameters. 


Experimental Results 


Effect of Quenching Rate on Mechanical 
Properties and Susceptibility to 
Intergranular Corrosion 
Results obtained on 40 tensile speci- 

mens are shown in Figure 2. Only tensile 

and yield strength were plotted because 
elongation values showed no sensitivity 
to quenching rate. The minimum, maxi- 
mum and average value obtained on the 

40 specimens are shown. The _ boiling 

water quenched specimens fell below the 

specification requirements and showed 
intergranular corrosion attack. 


NaCl-H,O, Experiments 


The change of concentration of H,O, 
and temperature effect on H,O, decom- 
position is given in Figure 3. At room 
temperature, within the first 3 hours, 
H,O, concentration has decreased by 24 
percent, in the last 3 hours by 12 percent, 
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making a total decomposition over the 
test period of 36 percent. With increas- 
ing temperature, H.O, decomposition in- 
creased. 

The effect of temperature on inter- 
granular attack is shown in Figure 4. The 
number of areas of each degree of attack 
were counted and plotted. The number 
of each type increased with increasing 
temperature. 

In Figure 5, average percent decom- 
position of H,O, is plotted, determined 
by graphic integration of the curves in 
Figure 3. Also shown are maximum 
depth of intergranular penetration and 
total number of attack areas, against in- 
creasing temperature. These curves show 
that increasing temperature accelerates 
H.O, decomposition rate and intensifies 
intergranular attack. It is believed that 
local cell currents also increase with 
increasing temperature and that would 
also result in intensified intergranular 
attack. 

NaCl concentration had an effect as 
shown in Figure 6. The depth of attack 
was approximately the same in 0.01N 
and 1N, but the width of the grain 
boundary attack increased with increas- 
ing NaCl concentration. Experimental 
analysis showed that at the lower chloride 
anion concentration the rate of H,O, 
decomposition was slower than at the 
higher concentration. Therefore, the 
greater attack intensity in IN NaCl can 
be attributed not only to higher conduc- 
tivity but perhaps also to the increased 
concentration effect of chloride anions, 
resulting in a faster H.O, decomposition 
rate. Raising the H,O, content from 0.3 
percent to 0.6 percent in IN NaCl had 
no significant effect in increasing attack. 


Electrolytic Method 


The electrolytic test revealed inter- 
granular susceptibility in improperly heat 
treated material but also caused the 
strange type of attack pictured in Figure 
7 (the possibility that poor polishing 
technique was responsible for this was 


& Decomosit: on 


Time = Houne 


Figure 3—-Decomposition of H202 in presence of 
corroding specimen. Initial concentration was 03 
percent in IN NaCl. 
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Ameas oF Severity 


Figure 4—Effect of temperature on severity of inter- 

granular attack in NaCl-H2O2 solution, 6-hour im- 

mersion. Maximum depth of penetration for the three 

temperatures: 26 C: 16x 10-4 in., 35 C: 19x 104 
in., 41 C: 20x 10-4 in. 


investigated and discounted). The extent 
of this attack increased with increasing 
current density and time, but current 
density had a stronger effect than time. 
The attack in Figure 7 was produced 
by applying 0.5 amp per square inch for 
3 minutes. 

The effect of increasing current density 
while maintaining time constant is shown 
in Figure 8. Specimens used were cut 
from the same 3-inch by 10-inch panel. 
Depth of attack did not increase percep- 
tibly with increase of current density, but 
localized attack increased with removal 
of whole grains finally occurring. At the 
higher current densities, therefore, it is 
difficult to detect the intergranular na- 
ture of the attack, but the NaCl-H,0, 
test on the same material verified the 
assumption that the attack was _ inter- 
granular. Figure 9 shows the effect of 
maintaining the current density at 4 
lower value (0.065 amp per sq. in.) and 
increasing the time. In this case, depth 
of attack did increase and localized at- 
tack did not. Application of this current 
density for 20 minutes was chosen as Op: 
timum test conditions because it excluded 
the masking effect exerted by higher 
current densities. 


When the NaCl-H,O., test and the elec- 
trolytic method were used on samples 
from the same panel, excellent correla- 
tion was obtained. Both tests revealed in- 
tergranular attack in sensitive material 
and caused only pitting attack on insen- 
sitive material. Depth of attack was al 
ways about the same, but NaCl-H,0, 
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Figure 7—Appearance of attack on anode in elec- 
trolytic test regardless of quenching rate. Electrolyte 
was 1 N NaCl. Current was 0.5 amp/sq. in, for 3 
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Figure 5—Summary of temperature effect on NaCl- 
202 test. 


Figure 6—Effect of NaCl concentration on inter- 

‘ee attack. Immersed 6 hours. Top section: 

1 N NoCl with 0.3 percent H20>; a, —_—— 
0.01 N NaCl with 0.3 percent H202. 


produced heavier grain boundary attack. 
Identical results were obtained by Logan.*® 

The electrolytic test also was effective 
for 2024 alloy, but was not as sensitive 


for Al-Cu alloys as for Al-Zn alloys. 


Discussion of Test Results 


Intergranular corrosion results from 
potential differences between grain bodies 
and the zones along grain boundaries.* 
Slow quenching rates facilitate forma- 
tion of precipitates along grain bounda- 
ties. In the 7075 alloys, the precipitate 
is said to be CuAl, or MeZn., depe nding 
upon the temperature of aging.® If pre- 
cipitate is CuAl,, zones immediately ad- 
jacent to the grain boundaries will be 
depleted in copper and become anodic 
to grain bodies and CuAl, precipitate. 
If MgZn., this precipitate will be anodic 
to all other constituents in the alloy. 

The ability of H,O,, when added to an 
NaCl solution, to accelerate intergranular 
penetration in material susc eptible to at- 
tack along grain boundaries is well 
known. H,O, acts as an oxygen donor, 
and an appreciable quantity of energy is 
released by dec omposition as symbolized 
by the equation, H,O, > H.O +0+ 
23450 calories. 


minutes. 307X. 


Figure 8—Effect of current density in electrolytic test 

on boiling water quenched 7075. Time constant was 

10 minutes. Top section: 0.062 amp/sq. in. Middle 

section: 0.100 amp/sq. in. Bottom section: 0.125 
amp/sq. in. 75X 


Actually, H,O, decomposition is a com- 
plicated phenomenon controlled by chain 
propagating processes involving forma- 
tion of free OH radicals. The 7075 alloy 
contains copper which, when ionized, can 
act as a catalyst for the decomposition 
of H,O,7:§ by breaking the chains. (The 
presence of excess copper on the surface 
of a corroded specimen was determined 
spectrographically). The Cu* ions react 
with the free OH radicals to form Cu*+ 
and OH-. The OH- groups are involved 
in the hydrogen depolarization process 
on the cathodic grain bodies, a process 
which is probably the electrochemical re- 
action controlling the propagation rate 
of intergranular attack. It is not surpris- 
ing that the decomposition of H,O., being 
catalytic in nature, is temperature sensi- 
tive, decomposition increasing with in- 
creasing temperature. As the H,O, de- 
polarizes the cathodes, current is kept 
flowing in the local cells. 

In the electrolytic test, formation of 
m‘nute H,O, quantities due to cathodic 
reduction of dissolved oxygen is thermo- 
dynamically possible, but with the ex- 
perimental conditions in this study, such 
formation appears very improbable. 


Figure 9—Effect of time in electrolytic test on boil- 
ing water quenched 7075, Current density constant 
was 0.062 amp/sq. in. Top section: 10 minutes. Mid- 
dle section: 20 meena’ ha section: 30 minutes. 


The mechanism of the electrolytic test 
can be explained in another way. When 
the amount of current used in this study 
is applied, a general metal dissolution 
takes place on sensitive and insensitive 
specimens. On the sensitive specimens, 
dissolution occurs preferentially at the 
anodic grain boundary zones whose dis- 
solution rate is faster than that of the 
cathodic grain bodies. 

This investigation proved that, under 
carefully controlled laboratory conditions, 
the NaCl-H,O, method is satisfactory for 
detecting intergranular corrosion suscep- 
tibility. In practice, when used as a 
specification test, the many factors are 
difficult to control, including temperature 
which can cause too rapid decomposition 
of the H.O,. Also, if the H,O, used for 
the experiments has been decomposed 
previously to any extent by contact with 
catalytic agents such as certain kinds of 
glass, dust, organic material,® etc., test 
results will be affected. 

The electrolytic method does not ap- 
pear to be as sensitive in all cases as the 
NaCl-H.O, performed under optimum 
conditions. However, in the electrolytic 
method, in contrast to the NaCl-H,O. 
method, the only variable is the condi- 
tion of the aluminum alloy under test. 
Increasing current density and time to 
increase intergranular attack offers little 
advantage because this can also increase 
the type of attack shown in Figure 7 
which may mask any intergranular at- 
tack that might be present. 


Conclusions 
A practical suggestion for inspection 
control of heat treated aluminum alloys 
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can be made on the basis of this investi- 
gation. 

Samples should be subjected to the 
electrolytic test using the conditions es- 
tablished here. Evidence of intergranular 
corrosion should be cause for rejection. 
If no intergranular corrosion is evident, 
samples of the same material should be 
subjected to the NaCl-H,O, test for 6 
hours to verify the positive result ob- 
tained in the electrolytic test. This sug- 
gestion is similar to Streicher’s for stain- 
less steel, but he would base only accept- 
ance on the results of the electrolytic test, 
not rejection.!° In the case of aluminum 
alloys, however, rejection on the basis of 
positive results in the electrolytic test is 
more than justified. 

Such a procedure would involve some 
double testing. However, before the elec- 
trolytic method can be substituted for the 
NaCl-H,.O, test, its effectiveness in de- 
tecting borderline cases must be proved. 
This can only be done by using the two 
methods simultaneously on many heats 
of aluminum from many sources. The 
suggested procedure then could accom- 
plish two worthwhile results: (1) rapid 
elimination of improperly heat treated 
material and (2) evidence accumulation 
that would establish conclusively whether 
or not the electrolytic method is an ade- 
quate substitute for the present specifica- 
tion test. 


It is also considered that examination 
for intergranular corrosion under the 
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specification for heat treatment of alu- 
minum alloys! could be put on a more 
quantitative basis by using a system based 
on the Douglas method. For example, 
over a 0.5-inch specimen length, limits 
beyond which rejection would be manda- 
tory could be as follows: presence of any 
D and/or E areas, presence of more than 
3 C areas and presence of more than 6 B 
areas. Allowable depth of penetration 
would be dependent on the thickness of 
material being tested. 

These limits are offered as an exam- 
ple of how a quantitative acceptance or 
rejection standard could be established. 
Final limits could be determined only 
after recommendations by aluminum pro- 
ducers, aircraft companies, etc., were 
considered carefully. However, any at- 
tempt to place an inspection test on a 
more quantitative basis is worthwhile. 
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DISCUSSIONS 
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4. 


ASTM Bulletin No. 188, 


Question by Donald A. Thompson, Cabot 
Carbon Co., Tuscola, Illinois: 

Have these tests been performed on 1100 

aluminum? Question asked because we } 

are using aluminum in 15 percent HCl 

gas 1% percent H,O, 250 F service. Fu. 

ture studies will be made on other alloys, 


Reply by Sara J. Ketcham: 
No tests were performed on 1100 alu 
minum. 


Question by Fred M. Reinhart, National 


Bureau of Standards, Washington, D.C.: | 
Have you subjected 7178 and 7079 to the 


NaCl-H,O, and the electrolytic tests? 
Reply by Sara J. Ketcham: 


Since the article was submitted for 
publication, 7079 has been subjected to 
the NaCl-H.O, and the electrolytic tests. 
Results are analagous to those described 
for 7075. 


DISCUSSIONS ON TECHNICAL ARTICLES ARE SOLICITED 


Discussions on technical articles published in Corrosion 
will be accepted for review without invitation. Discus- 
sions must be constructive, accompanied by full sub- 
stantiation of fact in the form of tables, graphs or 


other representative data and be submitted in three 


typewritten copies. 


Authors will be sent on request a copy of the NACE 
Outline for the Preparation and Presentation of Papers. 


In cases where illustrations are 
submitted, at least one copy of figures should be of 
a quality suitable for reproduction. 


Discussions will be reviewed by the editor of Cor- 
rosion and will be sent to the author of the paper 
discussed for his replies, if any. Publication will be in 
the Technical Section with full credit to the authors 
with replies. Discussions to papers presented at meet- 
ings of the association may be submitted in writing 


at the time of presentation or later by mail to the 


editorial offices of Corrosion, 1061 M & M Bldg., 
Houston 2, Texas. 
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4-year-old installation 
WITHOUT BACKFILL 
provides positive protection 


Creek bed . . sandy soil . . pipe line . . dif- 
ficult protection problem, but not for Duriron 
Anodes! As shown in photo above, 20 Duriron 
Anodes were jetted into place WITHOUT 
BACKFILL using a high velocity stream of 
water and were placed with the top of the 
anodes 3 feet below the surface. Each anode 
was in position within 60 seconds. 

The group of anodes produced an average 
of 33 amps at 36 volts with no tendency to 
gas block. Actually, the bed resistance has 
decreased since the original installation. 
There was considerable cost-saving in the 
elimination of carbonaceous backfill. 

For latest data and case histories on fresh 
water, salt water, and ground bed applica- 
tion, write for Bulletin DA/6. 


make Duriron Anodes your 
guarantee for cathodic 
Datathatiee protection 


\ been successfully 
: applied in ciay, 
‘ shale and sand. 


THE DURIRON COMPANY, INC. 
DAYTON, OHIO 





17 varieties available 
to combat all well 
corrosion problems 


Corban® is a family of polar-type corrosion inhibitors. It has 
been found extremely effective for preventing and combating 
corrosion problems in oil and gas wells. 


When introduced into a well, Corban mixes with the fluids 
encountered and. is carried throughout the well, coating all metal 
surfaces. The film of Corban offers protection against corrosion 
until removed through erosion. While the treatment continues, 
the film is continually renewed. 


The new inhibitor “squeeze” technique, using Corban, offers 
extended corrosion protection to sour crude, sweet crude and 
gas condensate wells. This technique eliminates the need for daily 
or weekly well supervision. 


Corban is available in both liquid and stick form in a number 
of formulas. Each formula is designed to give the best results in 
a specific application. 

And, Corban is available from more than 150 Dowell stations— 


throughout the oil country. For information or service, contact the 
Dowell station nearest you. Or write Dowell, Tulsa 1, Oklahoma. 


Products for the oil industry <> ot 


DIVISION OF THE DOW CHEMICAL COMPANY 








